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[S#j] [PURPOSE] 

^®MSl-"t"CtLfc/K;i/7 j U The porphyrin thin film excellent in surface 
yWWJkTJ-^ (D^M^&Pf <5 o accuracy and its multilayer film are obtained. 



[CONSTITUTION] 

A porphyrin thin film is made of a porphyrin 

derivative, the square in the surface — average 

roughness is 100 Angstrom or less. 

This porphyrin thin film evaporates by heating a 

porphyrin derivative molecule. 

It is obtained by making it fly as a molecular 

beam under the ultra-high vacuum below 

1*10" 7 Torr. 

Moreover, the multilayer film comprises 
laminating two or more layers of porphyrin thin 



mm 

i±, 1 X 1 0" 7 T o r r ^vi« 
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films, this porphyrin thin film is made of 
porphyrin from which the touching thin-film 
element differs. 




Strength (count) 



[CLAIMS] 



[sSMl] [CLAIM 1] 

/K/l'y' ^ y y^^f^^^^i I9 , A porphyrin thin film comprising a porphyrin 

IlliiicjottS S^^^lfi^ ^ 1 derivative, having an average square 

0 O^y^x h D-AyT^'fe roughness in the surface of 100 Angstroms or 

5 r t £#!§St t-tZ -Rivy 4 y less. 



[ItM 2 ] [CLAIM 2] 

(Wf3 S ^U~20t The porphyrin thin film of Claim 1 wherein said 



6/30/2003 



5/80 



(C) DERWENT 



JP5-275771-A 



THOMSON 




DERWENT 



\- d — J*~Cfo%^ if jR 1 ! square average roughness is 1 - 20 Angstroms. 

1 \Z.'ftM(Dtfjl'7 J V 



itmm 3 1 

5,10,15,20-x F77i=/H 
;U7^ y >\ 5,10,15,20-x b 

$b\ 5,10,15,20-x b^^^^ 
/V T$)Vy A V i~ V 3 h , 

5,10,15,20-x h^^m^^/K 
/WT^ y "f Mp\ 5,10,15,20- 

rfy7i =;b7K;i/-7 ^ y h 
= y£vK 5,10,15,20- y h 7 

5,10,15,20- -r b 77 
5,10,15,20 -y h7 7i^ 



[CLAIM 3] 

The porphyrin thin film of Claim 1 or 2 whose 
porphyrin derivative is chosen from the group of 
5,10,1 5,20-tetraph enyl porphyrin , 

5,10,15,20-tetraphenyl porphyrinate zinc, and 
5,10,15,20-tetraphenyl porphyrinate cobalt and 
5,10,15,20-tetraphenyl porphyrinate lead, 
5,10,15,20-tetraphenyl porphyrinate nickel, and 
5,10,15,20-tetraphenyl porphyrinate 
magnesium, 

5,10,15,20-tetraphenyl porphyrinate copper 
and 5,10,15,20-tetraphenyl porphyrinate 
cadmium. 



[fR*Jj4] [CLAIM 4] 

i&jvy a y l/MMfa^^&MWt A manufacturing method of the porphyrin thin 

1X1 0" 7 T o r r film, in which a porphyrin derivative molecule is 

%Wi<D&MM£T~?ft?B.k L evaporated by heating. 

tiffHS " t &W$tt~FZ) It is made to fly as a molecular beam under the 

i&)V7 4 y y^^CDMit^fe ultra-high vacuum below 1*10" 7 Torr. 



[ft #5 5] [CLAIM 5] 

ililffi^K/U-T' a y ^If^f^lis The manufacturing method of the porphyrin thin 

5,10,15,20 — y h7 7x^;l//K film of Claim 4 wherein said porphyrin derivative 

jvy a y >\ 5,10,15,20 — y V is chosen from the group of, 

y y x.=-)V-fr°Ji> y A y i~ y 5,10,15,20-tetraphenyl porphyrin, 

#p\ 5,10,15,20 — 7" h77i- 5,10,15,20-tetraphenyl porphyrinate zinc, 
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;Utf/U7 a V 7~ h b , 5,10,15,20-tetraphenyl porphyrinate cobalt, 

5,10,15,20-x b 7 7 31 5,10,15,20-tetraphenyl porphyrinate lead, 

)\<7 4 V i~ Mb\ 5,10,15,20- 5,10,15,20-tetraphenyl porphyrinate nickel, 

T V 7 7x=/l'^>7 -Y V -f~ V 5,10,15,20-tetraphenyl porphyrinate 

^•;y^/K 5,10,15,20-x h 7 magnesium, 5,10,15,20-tetraphenyl 

7x-^/K;V7>f Dt porphyrinate copper, and 

v-^A, 5,10,15,20-7- f7 7 5,10,15,20-tetraphenyl porphyrinate cadmium. 

5,10,15,20-7 F77i^*' 
>^7 a Vi-bX r7Atf>8¥fl» 

bafittfc^7w y ^^f# 

7?fc5, ft^4{C|S«07K7l' 

7 ^ y 



[If « 6 ] [CLAIM 6] 

^;l/7^f U y^fl^^r 2 §^±11 A multilayer film formed by laminating two or 

JS LT^i *9 , -y y more layers of porphyrin thin films, wherein 

HiUs ^"fSP^P^^M^S this porphyrin thin film is made of porphyrin from 

S)^7 4 y h ft ?> £ which the touching thin-film element differs. 



7 ] [CLAIM 7] 

Wlt^^y y ~yW&\$2~ 5 Said porphyrin thin film is a multilayer film of 

0t7^fn-A©f^t Claim 6 which has the thickness of 2 - 50 

LT^5, 6 ^teft(7)# Angstrom. 



Itmm 8 ] [CLAIM 8] 

^Sucd S^^^ltt $ ^ 1 OOt The multilayer film of Claim 6 wherein surface 

h n— J±SXTX*h&. ft square average roughness is 100 Angstrom or 

*5 6 ^M<7)^aflf „ less. 



[fl*«9] [CLAIM 9] 

Sffi© gfl^Jft^ & 1 ~ 2 0 The multilayer film of Claim 7or 8 wherein the 

HrVtfT* hn— 7A-efc5, ftjR surface square is average roughness of 1 - 20 

rf 7 Xte 8 m|E$fc<7)#Ji!& > Angstrom. 
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w&m i o ] 

ir ie -i y yfin, 

5,10,15,20-x f7 7x^° 
)V7 4 V >\ 5,10,15,20-7" h 

f/p\ 5,10,15,20-X F77x- 

5,1 0,1 5,20 -*r Y 7 7i=M" 
y 7" b#p\ 5,10,15,20- 

X h7 7x^/lv>7-i' y 7" r- 
^S"7VK 5,10,15,20-7" h 7 

5,10,15,20-7- h 7 7 

x-;b/K/i'7^ y 7" hmRTf 
5,10,15,20-x h7 7x^;^° 

tb/N^fEftcD 



[CLAIM 1 0] 

Said porphyrin thin film is the multilayer film in 
any one of Claims 6-8 comprising a porphyrin 
derivative chosen from the group of 



5,10,15,20-tetraphenyl 
5,10,15,20-tetraphenyl 
5,10,15,20-tetraphenyl 
5,10,15,20-tetraphenyl 
5,10,15,20-tetraphenyl 
5,10,15,20-tetraphenyl 
magnesium, 



porphyrin, 
porphyrinate zinc, 
porphyrinate cobalt, 
porphyrinate lead, 
porphyrinate nickel, 
porphyrinate 
5,10,15,20-tetraphenyl 



porphyrinate copper and 5,10,15,20-tetraphenyl 
porphyrinate cadmium. 



[DETAILED 
INVENTION] 



DESCRIPTION 



of the 



[0 0 0 1] 



[0001] 



So 



[INDUSTRIAL APPLICATION] 

This invention is formed on a base plate, it is 
related with the multilayer film using the 
porphyrin thin film, its manufacturing method, 
and it which may be used as a solar cell, a 
pho toconductive element, a trace amount 
metallic-element sensor element in a solution, 
etc. 
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tt,fiJ^«\M.Ashida 

"Acta Crystallographica Vol.B47 

(1991) 87 w Kmm^titc^m^ 

X 1 0 _6 T o r r ©I^Tt© 
J^HiS&^cfc <9, KCli« 



[PRIOR ART and PROBLEM] 

As a method of forming an organic thin film, the 
method by M.Ashida and others indicated by 
"Acta Crystallographica Vol.B47 (1991) 87" is 
learned, for example. 

This method produces a tetraphenyl porphyrin 
thin film on KC1 base plate by the 1*10" 6 Torr 
vacuum evaporation method which comes out 
under vacuum. 



[0 0 0 3] 

™ k mm h z> W£ h <D -e s 

«fc 5 fcEStf>±Tfc:«g£tttt i 

b i>m% ^-t-v ^ ^ 5 raffia ^ 



[0003] 

However, the thin film produced by this method, 
since it is the rough thing whose particle size 
is hundreds of nm, and has a pore between 
grains, when it is going to utilize this thin film for 
a solar cell etc., and gttach an electrode to the 
membranous upper and lower sides so that a 
film may be sandwiched, there is a trouble that 
a short-circuit between electrodes tends to 
occur. 

The objective of this invention is to obtain the 
porphyrin thin film excellent in surface accuracy, 
and its multilayer film. 



[0 0 0 4] 
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[MM%mtk-fZ>titb(D^$!k] [MEANS to solve the Problem] 

% 1 (D%^\z.-h^i)^i^)Vy 4 y The porphyrin thin film concerning 1st invention 

^^MUFi^ i$j\/y 4 y ygf^lfls: is made of a porphyrin derivative, the average 
frbtz?) ^ l^ffi^jo^S square roughness in the surface is 100 
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jfe-cr±, y 

£ 1 x l 0" 7 

t o r r ^mommM^rx^ 

[0 0 0 5] 

ivy 4 y vWSk^ Wi-fZftB 

VX> vj/ vl* 1 * 

•^^v *?jNi «^>. «?Jni ^J>*. 

i oo^'x hn-A 
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Angstrom or less. 

A porphyrin derivative molecule is evaporated 
by heating in the manufacturing method of the 
porphyrin thin film concerning 2nd invention. 
It is made to fly as a molecular beam under the 
ultra-high vacuum below 1*10" 7 Torr. 



[0005] 

The multilayer film concerning 3rd invention is a 
multilayer film which laminates two or more 
layers of porphyrin thin films. 
This porphyrin thin film is made of porphyrin 
from which the touching thin-film element 

differs. 

******* 

The porphyrin thin film concerning this 

invention, the average square roughness in the 

surface is 100 Angstrom or less. 

Average roughness of this square is preferably 

d50 Angstrom or less, more preferably 1 - 20 

Angstrom. 



[0 0 0 6] 

ivy 4 y 2m&±MM 
M»f±. 2-10 oJias#F£ 

L<, 2~2 0S^ct«9»*L 



[0006] 

The multilayer film concerning this invention is a 
multilayer film which laminates two or more 
layers of porphyrin thin films. 
However, the number of laminate has two to 
100 desirable layers, and its two to 20 layers 
are more preferable. 

Moreover, for the average square roughness of 
the surface of this multilayer film, 100 Angstrom 
or less is desirable, 50 Angstrom or less is more 
preferable, and 1-20 Angstrom is further more 
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preferable. 

Each thickness of the thin film which comprises 
this multilayer film has desirable 80 Angstrom or 
less, and its 2-50 Angstrom is more preferable. 



[0 0 0 7] 

fry ^ v ymufcix m^mfe 
i^^Mt l< nm^<D7t°fr 

AJ$ : 5,10,15,20-x 
5,10,15,20-7" h7 7x=;l/^ 

5,10,15,20-t" h7 

/W7>f y ^ b ^/<fr b 
5,10,15,20-7" ^77xn;« 

5,10,15,20-x h^^^uxK 

y *f b — yfrfr 
5,10,15,20-7" h?7x^ 
jvy a V-th^y*i>"}J* 
5,10,15,20-7" YJy^^frM 

fry a Vi-bm 

5,10,15,20-^ b?y *~frtf 

7" by^yy^fry ^ y y 
t" h7^y^7>f y^bs 

7" h7^y/*>7^ y ^ 



[0007] 

In particular the porphyrin derivative used in this 
invention is not limited. 

However, for example, the powder-form or 
aggregated-form porphyrin derivative of a 1 
type chosen from the following A group is used. 
It vapor-deposits this porphyrin derivative on a 
base plate for example, using a 
molecular-beam vapor deposition apparatus. 
A group: 5,10,15,20-tetraphenyl porphyrin 
5,10,1 5,20-tetraphenyl porphyrinate zinc 
5,10,15,20-tetraphenyl porphyrinate cobalt 
5,10,15,20-tetraphenyl porphyrinate lead 
5,10,15,20-tetraphenyl porphyrinate nickel 
5,10,1 5,20-tetraphenyl porphyrinate 
magnesium 

5,10,15,20-tetraphenyl porphyrinate copper 

5,10,15,20-tetraphenyl porphyrinate cadmium 

Tetra benzo porphyrin 

Tetra benzo porphyrinate zinc 

Tetra benzo porphyrinate cobalt 

Tetra benzo porphyrinate lead 

Tetra benzo porphyrinate nickel 

Tetra benzo porphyrinate magnesium 

Tetra benzo porphyrinate copper 

Tetra benzo porphyrinate cadmium 

5,10,15,20-tetra (2-pyridyl) porphyrin 

5,10,15,20-tetra (2-pyridyl) porphyrinate zinc 

5,10,15,20-tetra (2-pyridyl) porphyrinate cobalt 

5,10,15,20-tetra (2-pyridyl) porphyrinate lead 
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7 h 7-<^y^°^7^ y h$& 
7 b y^y/tfU^ 4 V-fh^ 

7 b ?s<>y*tf^7 ^ y -r hM 

5,10,15,20-T- by (2-fc°y 

y y 

5,10,15,20 -T b 7 (2-t°y 

;V) tfni, 7 j y -f- b Mi& 
5,10,15,20-x h7 (2-t°y v? 
/l/) /K;V7 -f y 7" h =f/^b h 
5,10,15,20 -7 b7 (2-ey 

5,1 0,1 5,20 -7 b 7 (2-t° y ^ 

5,1 0,1 5,20 -7 by (2-t°y 

si-) 7^!)yv ^ i/$ A 

5,10,15,20 -x h7 (2-ey 

*>7-f y y#3 
5,10,15,20 -7 V 7 (2-t° y 

yu) y s yiJ Y% v 

5,10,15,20-7" h 7 (3-fc°y i> 

)v) */i/7 j y y 

5,10,15,20 -x h7 (3-t°y 

5,10,15,20 -7 Y7 (3-b°y i? 

/U) j£)V7 -i y -t b */*A> h 
5,10,15,20 -T- (3-t°y 

5,10,15,20 -7 b y (3-t°y v 5 
M t^>^7 -< y y~y>r/U" 
5,1 0,1 5,20 -7 b y (3-t°y i/ 



5,10,15,20- 

5,10,15,20- 

magnesium 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

magnesium 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

magnesium 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

5,10,15,20- 

magnesium 

5,10,15,20- 

copper 

5,10,15,20- 

cadmium 

5,10,15,20- 

5,10,15,20- 



e 
e 

e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e 



e 
e 
e 
e 
e 
e 
e 
e 
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a (2-pyridyl) porphyrin nickel 
a (2-pyridyl) porphyrin 

a (2-pyridyl) porphyrin copper 
a (2-pyridyl) porphyrin cadmium 
a (3-pyridyl) porphyrin 
a (3-pyridyl) porphyrinate zinc 
a (3-pyridyl) porphyrinate cobalt 
a (3-pyridyl) porphyrinate lead 
a (3-pyridyl) porphyrin nickel 
a (3-pyridyl) porphyrin 

a (3-pyridyl) porphyrin copper 
a (3-pyridyl) porphyrin cadmium 
a (4-pyridyl) porphyrin 
a (4-pyridyl) porphyrinate zinc 
a (4-pyridyl) porphyrinate cobalt 
a (4-pyridyl) porphyrinate lead 
a (4-pyridyl) porphyrin nickel 
a (4-pyridyl) porphyrin 

a (4-pyridyl) porphyrin copper 
a (4-pyridyl) porphyrin cadmium 
a (4-quinolyl) porphyrin 
a (4-quinolyl) porphyrinate zinc 
a (4-quinolyl) porphyrinate cobalt 
a (4-quinolyl) porphyrinate lead 
a (4-quinolyl) porphyrinate nickel 
a (4-quinolyl) porphyrinate 

a (4-quinolyl) porphyrinate 

a (4-quinolyl) porphyrinate 

a (6-quinolyl) porphyrin 

a (6-quinolyl) porphyrinate zinc 
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;v) -fcjvy 4 y 

5,10,15,20-t" 

5,10,15,20-x 

)V) i£)Vy 4 V 

5,10,15,20- r 

;v) tf;vy ^ ]) 

5,10,15,20 -x 

5,10,15,20 -r 

tK/I^^ y 

5,10,15,20-x 

^K;Wy^ y 

5,10,15,20-r 

/u-) /K/uy-Y y 

5,10,15,20-^ 

)v) /t>7 ^ y 

5,10,15,20 -7" 

y 

5,10,15,20-7" 

;V) ifsjvy a y 

5,10,15,20 -7- 

;V) yfyVy 4 y 

5,10,15,20 -t 

;W /Kyw^^ y 
5,1 0,1 5,20 -T 

/u) ^>7^ y 

5,10,15,20-7- 

/u) ifyvy 4 y 

5,10,15,20-x 

;W) tK;H7>t y 

5,10,15,20-7- 

^) tfjv7j y 

5,10,15,20-r 



^ 
h? (3-t°y 



by (3-t°y ^ 
by (4-t°y ^ 
by (4-t°y^ 

(4- try 

^ b b 

by (4-t°Vi/ 
by (4-t°y v> 
by (4-tfy i? 

ym 

by (4- t° y *j 

by (4-^7 y 

by (4-^f-y y 
by (4-^y y 

^ b 3 /VI/ b 

by (4-^y y 

^b$& 

b y (4-*y y 

by (4-^r/ y 

b y (4-^-y y 
^b« 



5,10,1 5,20-tetra (6-quinolyl) porphyrinate cobalt 
5,10,15,20-tetra (6-quinolyl) porphyrinate lead 
5, 10,1 5,20-tetra (6-quinolyl) porphyrinate nickel 
5,10,15,20-tetra (6-quinolyl) porphyrinate 
magnesium 

5,10,15,20-tetra (6-quinolyl) porphyrinate 
copper 

5,10,15,20-tetra (6-quinolyl) porphyrinate 
cadmium 

5,10,15,20-tetra quinoxalyl porphyrin 
5,10,15,20-tetra quinoxalyl porphyrinate zinc 
5,10,15,20-tetra quinoxalyl porphyrinate cobalt 
5,10,15,20-tetra quinoxalyl porphyrinate lead 
5,10,15,20-tetra quinoxalyl porphyrinate nickel 
5, 1 0,1 5,20-tetra quinoxalyl porphyrinate 
magnesium 

5,10,15,20-tetra quinoxalyl porphyrinate copper 
5,10,15,20-tetra quinoxalyl porphyrinate 
cadmium 

5,10,15,20-tetrakis (2-fluorenyl) porphyrin 



5,10,15,20-tetrakis 
zinc 

5,10,15,20-tetrakis 
cobalt 

5,10,15,20-tetrakis 
lead 

5,10,15,20-tetrakis 
nickel 

5,10,15,20-tetrakis 
magnesium 
5,10,15,20-tetrakis 
copper 

5,10,15,20-tetrakis 
cadmium 

5,10,15,20-tetrakis 
porphyrin 



2-fluorenyl 



2-fluorenyl 



2-fluorenyl 



2-fluorenyl 



2-fluorenyl 



2-fluorenyl 



2-fluorenyl 



2,4- dime 



porphyr 



porphyr 



porphyn 



porphyn 



porphyr 



porphyr 



porphyr 



nate 



nate 



nate 



nate 



nate 



nate 



nate 



hoxy phenol) 
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5,10,15,20 

>v) T$;vy 

5,10,15,20 

;v) ifsivy 

5,10,15,20 

)V) i$)Vy 

5,10,15,20 
5,10,15,20 

>v) Tii/vy 

5,10,15,20 

;U) i&)Vy 

5,10,15,20 

)V) if\>vy 

5,10,15,20 

>v) i£)vy 

5,10,15,20 

As) i^jvy 

5,10,15,20 

A/7$;vy 4 

5,10,15,20 

Astfjvy 4 

5,10,15,20 

)Vifs)vy 4 

5,10,15,20 

!Vi£)Vy 4 

5,10,15,20 

;v-^;vy ^ 

5,10,15,20 

>vi&)vy 4 

5,10,15,20 

;vifs)vy 4 
5,10,15,20 

jvi&^y 4 

5,10,15,20 



— T f 7 (4-^r/ 9 

-fh7 (6-^/ y 

-T V 7 U 

^ y -y- h h 

-7h7 y 

yxhia 
-7^7 y 

-rf7 (6-^-/ y 
-i" yx 

-rF7 (6-^7 y 

^ yxh#3 

-7F7 y 
^ y x r-# 7^ 
-x F^^/^t y 
y y 

— r h^^/^-y-y 
y x h 

-x h 7=^y ^r-y- y 
-x F^^y y 
-x f-7^y^ty 

-x h73V 

yx me 

-7h7^y^tu 

yx hTJ !>A 
-x h 7 (2-7 
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5,10,15,20-tetrakis (2,4- dimethoxy phenol) poly 
7 -i y x h zinc 

5,10,15,20-tetrakis (2,4- dimethoxy phenol) poly 
7 4 y x h cobalt 

5,10,15,20-tetrakis (2,4- dimethoxy phenol) poly 
7 ^ y x h lead 

5,10,15,20-tetrakis (2,4- dimethoxy phenol) poly 
7 >r y x h nickel 

5,10,15,20-tetrakis (2,4- dimethoxy phenol) poly 
7 -f y x r- magnesium 

5,10,15,20-tetrakis (2,4- dimethoxy phenol) poly 
7 4 y x h copper 

5,10,15,20-tetrakis (2,4- dimethoxy phenol) poly 
7 y x h cadmium 

5,10,15,20-tetrakis (2-nitrophenyl) porphyrin 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
zinc 

5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
cobalt 

5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
lead 

5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
nickel 

5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
magnesium 

5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
copper 

5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
cadmium 



5,10,15,20-tetra biphenyl porphyr 
5,10,15,20-tetra biphenyl porphyr 
5,10,15,20-tetra biphenyl porphyr 
5,10,15,20-tetra biphenyl porphyr 
5,10,15,20-tetra biphenyl porphyr 
5,10,15,20-tetra biphenyl porphyr 
5,10,15,20-tetra biphenyl 



n 

nate zinc 
nate cobalt 
nate lead 
nate nickel 
nate copper 
porphyrinate 
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5,10,15,20-T Y7*7 (2-7 
5,10,15,20-X Y7*7> (2-7 

Y 

5,10,15,20-X Y7*7 (2-7 
5,10,15,20-T b 7*7 (2-7 

>vir v=-)V) i£)V7 a V -f Y — 

5,10,1 5,20 - T h 7 *7 (2-7 

;V3rV~;V) tf;U7 A V 1~ Y~^ 
7*%. i/ 7 A 

5,10,15,20-x Y 7*7 (2-7 

;vjr u~>h) tf/V7 -i y -T YB 

5,10,15,20-X Y7*7 (2-7 
U=-;V) T$)V7 -i x )7-Yt! 

Y*% <7J± 

5,10,15,20-x h 7*7 (2,4- 

Y*"77 ^ st°V7 

■< y y 

5,10,15,20 -T h 7*7 (2,4- 

Y*i/7*-7 — >v) 
A V i~ Y 
5,10,15,20 -7 Y7*7 (2,4- 
i?t Y*i/7^7 — M *!)7 

5,10,15,20- x F7^r^ (2,4- 

Y * *y7 1 y — /v) /K y 7 

y^-b^ 

5,10,15,20 -x F7^r^ (2,4- 
"77- Y*'77^J — >\>) *'i)7 

5,10,15,20 -7 Y7*X (2,4- 
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cadmium 

2, 3, 7, 8, 12,13,17,18-octaethyl porphyrin 



porphyrinate 



2, 3, 7, 8, 12,13,17,18-octaethyl 
zinc 

2, 3, 7, 8, 12,13,17,18-octaethyl 
cobalt 

2, 3, 7, 8, 12,13,17,18-octaethyl 
lead 

2, 3, 7, 8, 12,13,17,18-octaethyl 
nickel 

2, 3, 7, 8, 12,13,17,18-octaethyl 
magnesium 

2, 3, 7, 8, 12,13,17,18-octaethyl 
copper 

2, 3, 7, 8, 12,13,17,18-octaethyl 
cadmium, in addition, in the porphyrin derivative 
of a A group, 

5,10,1 5,20-tetraphenyl porphyrinate zinc, 
5,10,15,20-tetraphenyl porphyrinate cobalt, and 
5, 10,1 5,20-tetraphenyl porphyrinate lead, 
5,10,15,20-tetraphenyl porphyrinate nickel, and 
5,10,15,20-tetraphenyl porphyrinate 
magnesium, 5,10,15,20-tetraphenyl 
porphyrinate copper, and 

5,10,15,20-tetraphenyl porphyrinate cadmium 
are more preferable. 



porphyrinate 



porphyrinate 



porphyrinate 



porphyrinate 



porphyrinate 



porphyrinate 
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5,10,15,20 -T- hy*X (2,4- 

y/ h^-yy^y—^) *°U7 
j y 1- hm 

5,10,15,20-x h T^X (2,4- 

y ^ 9^ 
5,10,15,20-x h7^r^ (2-~ 

Fn7i M;vy 4 y y 

5,10,15,20 x h7^^ (2-- 

5,10,15,20-x h ^^rX (2-~ 

5,10,15,20-x h 7^^ (2-^ 

5,10,15,20 -T h 7=^7 (2-= 

5,10,15,20-7- h (2-= 

Fd7i^) ^/i^y^Vi-Y 

5,10,15,20-x h y^Ts (2-= 

Fd7i^) M^y^Vi-h 

5,10,15,20-x ^7^7 (2- = 
5,10,15,20 -T h 9 tT7*=^ 

■#)v-7 4 y ^ 

5,10,1 5,20 -T" h 7 tf7i^^ 

jK/V7^ y 7" hI6& 
5,10,15,20-T- h 7 f7i-^ 
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5,10,15,20- 7- V 7 \fy 

X^yj Vt~ MB 

5,10,15,20-7- h y tf7i^ 
5,10,15,20 -T- hy \fy^.=-/v 

~ti)^y 4 91- hM 

5,10,15,20 -7- hy t"7 *.=-/v 
tfyvyy V -T Vti 9^ 
2,3,7,8,12,13,17,18 - -ft 9 9 



?L=f- >vi£. ivy ^ 

2,3,7,8,12,13,17 

jvy j 

2,3,7,8,12,13,17 



y y 

18 -Jr y y 
9 -TV m& 
18 - is- y y 



■x.=f-)Vi$.)\>y 4 y 7- h a/^i/ h 



2,3,7,8,12,13,17 



■f-Astf/vy 4 Vv- MB 



2,3,7,8,12,13,17 



2,3,7,8,12,13,17 



18 



* 7 y 



18 



7t y y 



18 - ir y y 



yk> 

2,3,7,8,12,13,17,18 - Or 9 # 

^jvifsjvy 4 y -f- ym 

2,3,7,8,12,13,17,18 - * y y 
ft© 5 5,10,15,20-7" 

y x. =- )V tK a- 7 y v , 

5,10,15,20 -7 hy^^/W/K 
;V7^ y t" ME#B, 5,10,15,20 
-X f7 7x^>7^ y 7" 
h 5,10,15,20-x h 

77i =/l>#/U;7 >c y 7" MB* 
5,10,15,20 -7 hy y*-;Vi£ 
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5,10,15,20-7" h 7 7 1 - /V/K 

5,10,15,20-x l>7 7i^/K 
y -7" 5,10,15,20 

-■r f7 7i=/H;i/7^ y7" 

b7J ?AtfSJ: IJ^ tV\ 



[0 0 0 8] 

5 «fc 5 tftofctc^J L 

tf>7\ Wi|-/a7 7F/j: 
ifl£<fco § *l 5 £ £ «fc 

<9, ZOEEJjfrtf/vyj y y^ 

iMlBtl- 10- 7 Torr* 

V\ M%*$<DIEJ3& 1 0" 7 T o 
r rei±|:45i:#lill^f 



[0008] 

The porphyrin thin film of this invention is 
producible by the molecular-beam vapor 
deposition method, the electron-beam vapor 
deposition method, the ion * cluster * beam 
method, etc. 

For example, when based on a molecular-beam 
vapor deposition method, it carries out as 
follows. 

In order that a molecular-beam vapor deposition 
apparatus may enable it to perform the 
de-gassification of the sample of source 
chamber interior of a molecular beam 
beforehand before vapor deposition, it has a 
vacuum pump with independent growth 
chamber and source room of a molecular beam, 
and what can separate / connect those indoor 
atmosphere now by a gate valve etc. is 
desirable. 

Growth chamber, by exhaust of a cryopump, an 
ion pump, a titanium getter pump, a liquid 
nitrogen shroud, etc., that from which the 
pressure becomes less than 10" 7 Torr at the 
time of porphyrin derivative vapor deposition is 
desirable. 

A multilayered film may not be made if the 
pressure at the time of vapor deposition 
becomes more than 10" 7 Torr. 
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<5 <£ 5 t^otl^i^i^ M As for the source room of a molecular beam, 



1 0" 7 T o r r tftort^S 



what can be exhausted now independently of a 
growth chamber is desirable. 
When it can exhaust independently of a growth 
chamber, it is hard to perform the 
de-gassification of the sample before vapor 
deposition, and it becomes difficult to keep the 
pressure of growth chamber interior at 10" 7 Torr 
at the time of vapor deposition, there is an 
inclination which cannot do a multilayered film 
easily. 



[0 0 0 9] 

^F*Itf>JBE^j£ 1 0 _7 T o r r \Z. 



[0009] 

About a sample, it is desirable to perform 

sufficient de-gassification. 

When not performing sufficient de-gassification, 

it becomes difficult to keep the pressure of 

growth chamber interior at 10" 7 Torr at the time 

of vapor deposition, there is an inclination which 

cannot do a multilayered film easily. 

Vapor deposition of a sample evaporates by 

heating a sample at the heater of the source 

room of a molecular beam in vacuum. 

This is flown as a molecular beam to a growth 

chamber. 

It carries out by making it deposit on a base 
plate. 



[0 0 10] 

>WiMW> a , b , c , d , e , 



[0010] 

When vapor-depositing laminate about two or 
more porphyrin derivatives a, b, c, d, and e 
and... from which a kind differs, carrying out the 
monitor of the alimentation by a quartz-crystal 
oscillating-type thickness gage etc., it 
vapor-deposits only about the porphyrin 
derivative a first, and vapor deposition is 
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Ic^i^CT^ a, b, c, -\ 

a, b, c, --t^^mvML 
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finished in the place which reached fixed 
alimentation. 

Next, it vapor-deposits similarly about the 
porphyrin derivative b, and each porphyrin 
derivatives c, d, and e..., vapor deposition are 
further performed. 

As required, it may perform the repeating a, b, 
c..., a, b and c, and... 

In addition, the order will not be limited if made 
of a porphyrin derivative from which the layer 
element who contacts differs. 



[0 0 11] 

Kfi, 0. 0 1-10 0 OirV 
£Ll\> 0. 0 \Hrl/y* hn 



HiSrtol^fi, ioo — 4 0 

i o o°c*^Ttt, mtm&tf 

o. oit^ha-v^ 
*il:*^fv\ 4 0 0°C£ 



[0011] 

As for the deposition velocity at the time of 

vapor deposition of each layer, it is desirable 

that it is 0.01-1000Angstrom/min. 

It takes too much time to form a film and is not 

practical if it becomes less than 0.01 Angstrom 

/min. 

If 1000-Angstrom /min is exceeded, a 
multilayered film cannot be made easily. 
As for the sample in the source of a molecular 
beam at the time of vapor deposition, it is 
desirable to heat at 100 - 400 degrees C. 
If it is less than 100 degrees C, the deposition 
velocity tends to become less than 0.01 
Angstrom /min. 

If 400 degrees C is exceeded, it is easy to 
degrade a porphyrin derivative, and it may 
become the thin film in which the impurity was 
contained. 



[0 0 12] [0012] 

'Mt LTtt. ttf^s i/y^ As a base plate, materials are inorganic 

>\ ^rVu^^^A, -yjrju, materials, such as metals, such as silicone, 

^^>\ ^ germanium, nickel, chrome, titanium, gold, 
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zr.=f- u yjptf ]) 7°u tf y & if 
^!)XXT^7^/VA, -7->f 

ay67-f if co^K !)75 



silver, and platinum, the alloy with which it has 
these at least 1 type as a main component, 
glass and ITO glass, a carbon, a silica, an 
alumina, magnesia, a zirconia, a titania, a 
strontium titanate, boron nitride, a silicon nitride, 
silicon carbide, a boron carbide, and an 
aluminum nitride, polymeric materials, such as 
polyamide -based films, such as polyester 
-based films, such as a polyolefin-type film, 
polyethylene terephthalates, etc., such as 
polyethylene and a polypropylene, and nylon 6 
film, other polyimide -based, and polystyrene 
-based, etc. should just be matter stable in air 
and a vacuum at room temperature. 
Such base-plate mat erial makes the surface flat 
by polishing etc., it further washes, it is 
desirable to remove the stain by an oil 
component etc. 



[0 0 13] [0013] 

M^RTlM^&fDMIfcUJMn As for the substrate temperature after the time 

1 0 0T^T^#}^~S^W of vapor deposition, and vapor deposition, it is 

^ LV\ 1 0 0 o C£:l§;^<5 desirable to maintain to 100 degrees C or less. 

Jf^fll^ft <9 K < l^^fc If it exceeds 100 degrees C, it may be hard to 

<5 0 become a multilayered film. 



[0 0 14] 



[0014] 



IMtm] [EXAMPLES] 
J^T\ ZL<D$&ty]KfrfrZ>^M$\ Hereafter, the Example concerning this 
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Nanoscope II AFM "C£>o/e: 0 



TMOiyiSOISI 



u. i j.u.lUUI 




invention is demonstrated. 

However, the atomic force microscope used in 

the following Examples was Digital Instruments 

and Inc. and Nanoscope II AFM. 

Moreover, the X-ray-diffraction analyser was a 

Krosky type biaxial small-angle-scattering 

apparatus by Rigaku-electronic company. 



[0 0 15] 

tfeA rfJ 1 



5, 10, 15, 2 0— r h7 
1 g^lt^^^ 

Iff h 7 y v ^cift&Bfca* 

^*v/ia 19 1 5 o°ck 



[0015] 

Example 1 

It measures and picks 0.1 g of 
5,10,15,20-tetraphenyl porphyrin powder, it puts 
into a quartz crucible, this is put into the source 
room of a molecular beam of the 
molecular-beam vapor deposition apparatus 
which has a growth chamber and a source room 
of a molecular beam in the state where 
atmosphere was separated by the gate valve, 
vacuum suction was carried out for 10 hours, 
heating at 150 degrees C with the oil 
diffusion-equation vacuum pump which the 
liquid nitrogen trap attached. 



[0 0 16] 

—lis J?W0. 5mm©4^ 
yfO^yay^x/N- (10 

0) fc, ii^WT2 0 0°C 

l # tfi ts-c, 

yW*«f«in o$HH!ft» 

2 4 0°C^U J&K^£* 



[0016] 

Washing and etching were performed by 
immersing for 10 minutes in 1% of 
hydrogen-fluoride aqueous solution which 
applied ultraviolet radiation to silicon-wafer 
(100) which is 4 inches whose thickness is 0.5 
mm, heating at 200 degrees C in an oxygen air 
current, next was adjusted to it with the pure 
water on the other hand. 
And this was setted to the base-plate holder of 
growth chamber interior. 
Next, heating temperature of a sample is made 
into 240 degrees C, the gate valve which 
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5, -10 OtH^Lito ^ 
T o r r Tfeofco H#^POi# 



separated the atmosphere of a growth chamber 
and the growth chamber exhausted by the 
1*10" 10 pressure by the cryopump, the ion 
pump, the titanium getter pump, and the liquid 
nitrogen shroud was opened, and the vapor 
deposition to a base plate was started. 
The substrate temperature was maintained at 
-100 degrees C by cooling a holder by liquid 
nitrogen. 

The growth indoor pressure at the time of vapor 
deposition was 3*10" 10 Torr. 
The monitor of the deposition film thickness at 
the time of vapor deposition was carried out by 
the crystal-oscillator type thickness gage. 
Vapor deposition was stopped in the place 
where the deposition film thickness amounted 
to 400 Angstrom. 



[0 0 17] 

%bfotc5, 10, 15, 2 0 

2. 5*y^bn 

2 



5, 10, 15, 20-rh7 

y aL~)Vi&)vy 4 D y\z.Rz_ 

t, 5, 10, 15, 2 0-x 
IPJfllt LT, 5, 10, 15, 



[0017] 

The place measuring roughness of obtained 
5,10,15,20-tetraphenyl porphyrin thin-film 
surface by atomic force microscope, the square 
average roughness was 2.5 Angstrom. 
Example 2 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra phenyl porphyrinate zinc was 
used, and also it is made to be the same as that 
of Example 1, the 5,10,15,20-tetraphenyl 
porphyrinate zinc thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
average square roughness was 2.6 Angstroms. 
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[0 0 18] [0018] 

HjfeffiJ 3 Example 3 

5, 10, 15, 20-rh7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

y m ^)Vi£)V7 4 ] J > fciXz- 5,10,15,20-tetraphenyl porphyrinate cobalt was 

T\ 5, 10, 15, 20-r used, and also it is made to be the same as that 

h77x^>7^f!)th^ of Example 1, the 5,10,15,20-tetraphenyl 

/</u V ^ffll^TtS/His ^jte^J porphyrinate cobalt thin film was obtained. 

1 t Initio LT, 5 , 10, 1 When the average roughness of the surface of 

5 , 20-7^7 y this film was measured under the microscope 

7^f Ut h^^/i/ffi^i between atoms, average square roughness 

fc 0 Z(D^(DMWi(D¥-&l ) $L£ £ was 2.6 Angstroms. 

5, ^©§Wt^^2. 6 



[0019] [0019] 

gyfeM4 Example 4 

5, 10, 15, 2 0 -Thv Instead of 5,10,15,20-tetraphenyl porphyrin, 

y m ^;VT$;vy 4 5,10,15,20-tetraphenyl porphyrinate lead was 

T\ 5, 10, 15, 20-r used, and also it is made to be the same as that 

h7 7x^*>7>f Vi~ MS of Example 1, the 5,10,15,20-tetraphenyl 

WcfS/^Fi, ^Jfe^J 1 t [p] porphyrinate lead thin film was obtained. 

#M bX, 5, 10, 15, 2 When the roughness of the surface of this film 

0-x h7 7x^;^>7^f y was measured by atomic force microscope, 

1~ Mp^flf ^t#fc 0 r (D^(DM average square roughness was 2.5 Angstrom. 

[0 0 2 0] [0020] 

HJfeffiJ 5 Example 5 

5, 10, 15, 20-r 1^7 Instead of 5,10,15,20-tetraphenyl porphyrin, 
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y ^^jvif^vy 4 ]) 5,10,15,20-tetraphenyl porphyrinate nickel was 

X, 5, 10, 15, 20-r used, and also it is made to be the same as that 

h y 7x-/l/#;i/7 J V 1~ V ~ of Example 1, the 5,10,1 5,20-tetraphenyl 

7^^fflV^:B^(t porphyrinate nickel thin film was obtained. 

1 t Lt, 5 , 10, 1 When the average roughness of the surface of 

5, 2 0-tF77i-;V*> this film was measured by atomic force 

7^f !)f f^^^^fl^l microscope, the square average roughness 

tzi 0 r (Z)Sl^^ffiOffi^^J®-p was 2.6 Angstrom. 

if 7s hn-^-efcofco 

[0 0 2 1] [0021] 

6 Example 6 

5, 10, 15, 20-fl^7 Instead of 5, 10,1 5,20-tetraphenyl porphyrin, 

7x^*>7^f y l/fcftz. 5,10,1 5,20-tetraphenyl porphyrinate 

5, 10, 15, 20-r magnesium was used, and also it is made to be 

h77x^;l/*>7^ the same as that of Example 1, the 

^S/^ASrfflV^fclid^ ^ 5,10,15,20-tetraphenyl porphyrinate 

Sfc#I 1 £ IrHHK: tt, 5 , 10, magnesium thin film was obtained. 

1 5, 2 0-fh77x-/^ When the roughness of the surface of this film 

/l/ y 4 y ^ h jf% i/ J*WWk was measured by atomic force microscope, the 

Tto r (DBf(7)^g(7)|a £ £ square average roughness was 2.6 Angstrom. 

[0 0 2 2] [0022] 

^tSffiJ 7 Example 7 

5, 10, 15, 20-rf7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7 ^ ^ ;b tK 71/ y U ^{Zlftx. 5,10,15,20-tetraphenyl porphyrinate copper 

Xs 5, 10, 15, 2 0- r was used, and also it is made to be the same as 

f7 7x^*>7^ Vi~Y$l that of Example 1, the 5,10,15,20-tetraphenyl 

Srffll^fcfSjNi* HJife0!l 1 £1*1 porphyrinate copper thin film was obtained. 

tH^LT> 5, 10, 15, 2 The place which measured the roughness of 

0— T h7 7xn;i/3jN/l/7^f } J the surface of this film by atomic force 
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i~ h^#fll^r#f-o -^BI^)^ microscope, the square average roughness 

ffi<7)ft£ ZlW^mMUM^M was 2.5 Angstrom. 

[0 0 2 3] [0023] 

gy|fj! 8 Example 8 

5, 10, 15, 20-7^7 Instead of 5,10,1 5,20-tetraphenyl porphyrin, 

V ^^)Vi£)V~7 4 y l/Xc{%7L 5, 10,1 5,20-tetraphenyl porphyrinate cadmium 

X , 5, 10, 15, 20-r was used, and also it is made to be the same as 

h7 7x^/l/*>7^ ] Ji-Y$ that of Example 1, the 5, 10,1 5,20-tetraphenyl 

K ^ ^^fflV^SzWi. HJfe porphyrinate cadmium thin film was obtained. 

ffii 1 t IpJUII" IT, 5 , 10, When the roughness of the surface of this film 

15, 20-t1^77x ^/i^/K was measured by atomic force microscope, the 

fry 4 ] Ji~ hti K 5 ^WWkfc square average roughness was 2.6 Angstrom. 

[0 0 2 4] [0024] 

^feffi] 9 Example 9 

5, 10, 15, 20-r Instead of 5,10,1 5,20-tetraphenyl porphyrin, 

7 ^ ^ivi^tvy 4 y y}:fti tetra benzo porphyrin was used and also it is 

x h y^y/zK^?^ y ^ made to be the same as that of Example 1, the 

SrfflV^fcfii^fi^ HJfe^fJ 1 <b IrI tetra benzo porphyrin thin film was obtained. 

DttclLT, y~ hy^l/y^J^y The place which measured the roughness of 

>f !J ^SR^ifco "OSf^^ the surface of this film by atomic force 

E»8.£ SrlS^ra^JSflttt^W microscope, the squareaverage roughness was 

£Lfc^?>, ^^og^TOft 2.6 Angstrom. 

[0 0 2 5] [0025] 

HjSfega 1 0 Example 10 
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5, 10, 15, 20 — T" h 7 

1 trnm^LX, x F7^^y' 



DEI 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
tetra benzo porphyrinate zinc was used, and 
also it is made to be the same as that of 
Example 1, the tetra benzo porphyrinate zinc 
thin film was obtained. 

The place which measured the roughness of 
the surface of this film by atomic force 
microscope, the square average roughness 
was 2.6 Angstrom. 



[0 0 2 6] 



5, 10, 15, 2 0—t by 
X, fF7^^7^!)t 

HM l t fflB\z. LT, rf7^ 
isy'tfjuyj y -f b Hi 

%m?mt>mMMx*mfe ufc t 



[0026] 

Example 11 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
tetra benzo porphyrinate cobalt was used, and 
also it is made to be the same as that of 
Example 1 , the tetra benzo porphyrinate cobalt 
thin film was obtained. 

The place which measured the roughness of 
the surface of this film by atomic force 
microscope, the square average roughness 
was 2.6 Angstrom. 



[0 0 2 7] 

%tkM 1 2 



5, 10, 15, 2 0-7" by 

■y ^ ~ ;u y 4 V yfcftx. 

HtWft£^2. 5t7^'7f 



[0027] 

Example 12 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
tetra benzo porphyrinate lead was used, and 
also it is made to be the same as that of 
Example 1, the tetra benzo porphyrinate lead 
thin film was obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, 
the square average roughness was 2.5 
Angstrom. 
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5, 10, 15, 20-ff7 

yy'*>7 ^ y 1- -7vHi 



[0028] 

Example 13 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
tetra benzo porphyrinate nickel was used, and 
also it is made to be the same as that of 
Example 1, the tetra benzo porphyrinate nickel 
thin film was obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 2 9] 

HSfetfiJ 1 4 



5, 10, 15, 20-ff7 

fix %mmi tmmz-LXs t- 



[0029] 

Example 14 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
tetra benzo porphyrinate magnesium was used, 
and also it is made to be the same as that of 
Example 1, the tetra benzo porphyrinate 
magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, 
square average roughness was 2.4 Angstrom. 



[0 0 3 0] [0030] 

HJifcffi] 1 5 Example 15 

5, 10, 15, 2 0— rf7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7i=/i'* t ;i/7^ ]) >KiXz. tetra benzo porphyrinate copper was used, and 

~C\ 7 h7^^/^7^ Vi~ also it is made to be the same as that of 

h#s|£r#l V^c(;£/Wi, MMffil 1 Example 1 , the tetra benzo porphyrinate copper 

£IrMHK:LT\ 7 h7-<yy*^ thin film was obtained. 

-Y y 1~ MPi^lii^r#7c 0 i When the roughness of the surface of this film 
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was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 



[0 0 3 1] 

"'i) 1 6 



5, 10, 15, 2 0-7" r-7 
2. 6ty^Fn-Atfeo 



[0031] 

Example 16 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
tetra benzo porphyrinate cadmium was used, 
and also it is made to be the same as that of 
Example 1, the tetra benzo porphyrinate 
cadmium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 3 2] 



5, 10, 15, 2 0-T Yy 

y ^^jv^)vy a V 

X, 5, 1 0, 1 5, 2 0-7^ 

Yy ( 2 - if !J v^) M)vy>{ 

tmm^^x, s, io, is, 



[0032] 

Example 17 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (2-pyridyl) porphyrin was used, 
and also it is made to be the same as that of 
Example 1, the 5,10,15,20-tetra (2-pyridyl) 
porphyrin thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 3 3] 

%MM 1 8 



[0033] 

Example 18 
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5, 10, 15, 20-r F7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7 re z^jVi^jvy 4 y l/\c\Xx_ 5,10,15,20-tetra (2-pyridyl) porphyrinate zinc 

X, 5, 10, 15, 20-f was used, and also it is made to be the same as 

hv {2 S)vy 4 that of Example 1, the 5,10,15,20-tetra 

y ^ bl£fn v £fflv^a^fi, ^ (2-pyridyl) porphyrinate zinc thin film was 

tm%KLX, 5, 10, obtained. 

15, 20-tF7 (2-tfy When the roughness of the surface of this film 

vvl/) y ^ hlil&ffiBI was measured by atomic force microscope, the 

fc 0 r (DW: (DMM<D^& £ square average roughness was 2.5 Angstrom. 

Oris?* hv— A-efeofc 0 

[0 0 3 4] [0034] 

Hifeff'J 1 9 Example 19 

5, 10, 15, 20-r h7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7x-;^3iK;i'7>f y ytfti 5,10,15,20-tetra (2-pyridyl) porphyrinate cobalt 

t N 5, 10, 15, 20-r was used, and also it is made to be the same as 

Y7 (2-t°yv ? /^) 1&)V7 4 that of Example 1, the 5,10,15,20-tetra 

y ^ )^ ol/^)V b £r^iWe: (5/^ (2-pyridyl) porphyrinate cobalt thin film was 

ti, MMM 1 t PttlK: LX, 5 , obtained. 

10, 15, 20-f F7 (2 When the roughness of the surface of this film 

— h° y vvu) sK/u 7 4 V ~f* h =i was measured by atomic force microscope, the 

/^V h ffJIi^Hlf/Co " ©li©S square average roughness was 2.6 Angstrom. 

[0 0 3 5] [0035] 

^fisffij 2 0 Example 20 

5, 10, 15, 20-f h7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7 x.^;Vt£jV7 A y 5,10,15,20-tetra (2-pyridyl) porphyrinate lead 

T\ 5, 10, 15, 2 0~f was used, and also it is made to be the same as 

Y7 ^^7 4 that of Example 1, the 5,10,15,20-tetra 

hf&SrfflV^i^te, US (2-pyridyl) porphyrinate lead thin film was 
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•J 1 t IHfil^ L"C, 5, 10, obtained. 

15, 2 0-f h7 ( 2 — fc° y The place which measured the roughness of 

it/is) T$/vy j y b#&#fll^ the surface of this film by atomic force 

#7e: 0 £ $rJ^ microscope, the square average roughness 

^FbWSMT' $ij £Lfci: was 2.5 Angstrom. 



[0 0 3 6] [0036] 

^jfcffU 2 1 Example 21 

5, 10, 15, 2 0-yYy Instead of 5,10,15,20-tetraphenyl porphyrin, 

7i-;U/K^7^ y ^Kiftx. 5,10,1 5,20-tetra (2-pyridyl) porphyrinate nickel 

T s 5, 10, 15, 20-r was used, and also it is made to be the same as 

h-7 (2-fc o yvvV) i$)^7 4 that of Example 1, the 5,1 0,1 5,20-tetra 

V ~?~ V — v fr^&Fft V^tz.fefr (2-pyridyl) porphyrinate nickel thin film was 

tt, MUfcffll tmWk^LX, 5 , obtained. 

10, 15, 20-tF7 (2 When the roughness of the surface of this film 

— fc° y T$)Vy 4 ]) y- h ^ measured by atomic force microscope, the 

> <7" /^^Sr#fe 0 ^ Wl^co^ square average roughness was 2.6 Angstrom. 



[0 0 3 7] 

iii 2 2 

5, 10, 15, 20-f f7 

71=^7 >r y y^ftx. 

5, 10, 15, 2 0-r 

1^7 (2-t°y^) /K^^^ 
y -7- 1> -7 ^ ^ a zm^tnz 
mum i tmm^Lx, 

5, 10, 15, 2 0-7- F7 

( 2 - t° y it/I*) i£)vy -i^y- 
Y ^ ^ [> i, ^ £ $ tz e - 



[0037] 

Example 22 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,1 5,20-tetra (2-pyridyl) porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,1 5,20-tetra (2-pyridyl) porphyrinate 
magnesium thin film was obtained. 
The place which measured the roughness of 
the surface of this film by atomic force 
microscope that square average roughness 
was 2.4 Angstrom. 
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[0 0 3 8] 

W&M 2 3 

5, 10, 15, 2 0--T- h9 
T\ 5, 10, 15, 20-f 

1-7 ( 2 - 1° y sMO -tf/vy 4 

mi tmmz-Lx. 5, i o, 

15, 20-f hy (2-t°y 

^/v) #^7^ y -r hmmmz 

-7- WLfc -e«l £ L £ £ 

6, ^©etWI^ 5 2. 5 
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Example 23 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (2-pyridyl) porphyrinate copper 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(2-pyridyl) porphyrinate copper thin film was 
obtained. 

When the roughness of the surface of this film is 
measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 



[0 0 3 9] 

2 4 



5, 10, 15, 2 0-y Yy 

7x^;v*>7^ y y^Rit 

t, 5, 10, 15, 20 -f- 

hy (2-z°Vi//u) -i£;vy 4 

tx ^Mmi tmm\^bx, 5, 

10, 15, 2 0-y Yy (2 

-t°y^) *°suy 4 y-f h% 
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Example 24 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (2-pyridyl) porphyrinate 
cadmium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetra (2-pyridyl) porphyrinate 
cadmium thin film was obtained. 
The roughness of the surface of this film was 
measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 4 0] 



[0040] 
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5 , 10, 15, 20 — f h 7 
T, 5, 10, 15, 20-f 

h y ( 3 - tr y s^/u) ^7 -y 

£ IrMBK: LT\ 5, 10, 15, 
20-fh7 ( 3 - t° y vvV) 
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Example 25 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (3-pyridyl) porphyrin was used, 
and also it is made to be the same as that of 
Example 1, the 5,10,15,20-tetra (3-pyridyl) 
porphyrin thin film was obtained. 
The place which measured the roughness of 
the surface of this film by atomic force 
microscope, the square average roughness 
was 2.6 Angstrom. 



[0 0 4 1] 

%t&m 2 6 



5, 10, 15, 20-fh7 
X, 5, 1 0, 1 5, 2 0-y- 

by (3 —try v^) i&)vyj{ 

mm i tmm^Lx, 5,10, 

15, 20-fF7 (3 - If U 
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Example 26 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (3-pyridyl) porphyrinate zinc 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(3-pyridyl) porphyrinate zinc thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, 
the square average roughness was 2.5 
Angstrom. 



[0 0 4 2] 

2 7 



5, 10, 15, 20-f^7 
X, 5, 10, 15, 20 -r 

by O-trysM') #)vy4 
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Example 27 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (3-pyridyl) porphyrinate cobalt 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 



y b =1/^^ b V^cfaa* (3-pyridyl) porphyrinate cobalt thin film was 
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it, MMM 1 t WlffliZ- LX, 5, obtained. 

10, 15, 20-rf7 (3 When the roughness of the surface of this film 

— t° JJ i/;V) ^7 -Y y ~^ h 3 was measured by atomic force microscope, the 

h j$tfl££#fco ~ C9ll<£>^ square average roughness was 2.6 Angstrom. 

[0 04 3] [0043] 

gMj 2 8 Example 28 

5, 10, 15, 2 0 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7 x.—i\/i£flsy J{ ]) l/Kftx. 5,10,15,20-tetra (3-pyridyl) porphyrinate lead 

5, 10, 15, 20-r was used, and also it is made to be the same as 

hv ( 3 - fcT U $W 4 that of Example 1, the 5,10,15,20-tetra 

y ^ bfn^ffl WctS/^fi, HJi(& (3-pyridyl) porphyrinate lead thin film was 

WUI^itUT, 5, 10, obtained. 

15, 2 0-rh7 (3 — t°y When the roughness of the surface of this film 

A y ~t Mn#H£r was measured by atomic force microscope, the 

#7c 0 w <D Hi CD^ jS (7) ft $ ^rJtffC square average roughness was 2.5 Angstrom. 

^©ss^a^^2. 5 

[0044] [0044] 

gjjftg! 2 9 Example 29 

5, 10, 15, 20-7h7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7 jcj^/UtKA'? -f y y^ftxi 5,10,15,20-tetra (3-pyridyl) porphyrinate nickel 

T, 5, 10, 15, 20-7 was used, and also it is made to be the same as 

hv O-ey^/V) i$)V7 4 that of Example 1, the 5,10,15,20-tetra 

]) V =■ y ^r/^^^^^tcii^ (3-pyridyl) porphyrinate nickel thin film was 

It, Mi 1 t EHRfc t-C, 5 , obtained. 

10, 15, 20-7b7 (3 When the roughness of the surface of this film 

— fc° y vvv) i$)V7 -f y x h =■ was measured by atomic force microscope, the 
y <7vHf-lli|£:tlf7c 0 ^coB^<7)^ square average roughness was 2.6 Angstrom. 
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[0 0 4 5] 

gjj 3 0 

5, 10, 15, 2 0— r f7 
X, 5, 10, 15, 2 0 -T- 

( 3 - bf y ifsjvy 4 

5, 10, 15, 2 0-X b7 

( 3 - fc° V i£)V7 4 V -f 



[0045] 

Example 30 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (3-pyridyl) porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetra (3-pyridyl) porphyrinate 
magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 



[0 0 4 6] 

fi#>J 3 1 



5, 10, 15, 20-7^7 

7x-;H^7^ y i'fcft*. 
X, 5, 10, 15, 20-7 

by (3 - try 

y^-b«Srfflv^fcfJ*»tt, HJfe 

0u 1 tmm^-Lx, 5, 10, 

15, 2 O-X h7> (3 -t°y 



[0046] 

Example 31 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (3-pyridyl) porphyrinate copper 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(3-pyridyl) porphyrinate copper thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 



[0 0 4 7] 



[0047] 
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Example 32 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,1 5, 20-tetra (3-pyridyl) porphyrinate 
cadmium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetra (3-pyridyl) porphyrinate 
cadmium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 4 8] 

%MM 3 3 



5 , 10, 15, 20 —y- b y 
t, 5, 10, 15, 20 -y- 

by (4 -fc°y iP/u) T$)vy j 

tmB^LX, 5, 10, 15, 

y y»ig*#fc 0 

2. 



[0048] 

Example 33 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-pyridyl) porphyrin was used, 
and also it is made to be the same as that of 
Example 1, the 5,10,15,20-tetra (4-pyridyl) 
porphyrin thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 4 9] 

3 4 



[0049] 

Example 34 



5, 10, 15, 2 0 -Thy Instead of 5,10,15,20-tetraphenyl porphyrin, 

7i=^/V7 -Y y >{L{Xz_ 5,10,15,20-tetra (4-pyridyl) porphyrinate zinc 

t\ 5, 10, 15, 2 0-7 was used, and also it is made to be the same as 

by ( 4 - fc° y vvi-) i£)Vy 4 that of Example 1, the 5,10,15,20-tetra 
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V i~ hlLiA&fflV^TclS/^fi, ^ (4-pyridyl) porphyrinate zinc thin film was 

10, obtained. 

15, 20-fF7 ( 4 — fc° y When the roughness of the surface of this film 

vvl-0 i&jX'y 4 V ~f- hJSL&nffl^ was measured by atomic force microscope, the 

£r#/c 0 c: coif (D^E<Z)ft £ £r square average roughness was 2.5 Angstrom. 

[0 0 5 0] [0050] 

^Sfef'J 3 5 Example 35 

5, 10, 15, 20-7^7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

y *.~;vtf;vy 4 y 5,10,15,20-tetra (4-pyridyl) porphyrinate cobalt 

T> 5, 10, 15, 2 0-r was used, and also it is made to be the same as 

hv ( 4 - fc° y vvl-) tf/uy j that of Example 1, the 5,10,15,20-tetra 

y i~ b V &5%\t^tz.\%fr (4-pyridyl) porphyrinate cobalt thin film was 

1 t IrUH^ LT, 5 , obtained. 

10, 15, 20-f 1-7 (4 When the roughness of the surface of this film 

— t° y ifs)vy ^ y -f- Y n was measured by atomic force microscope, the 

/Vis h W$^%:%t^o ~ cofl^cT)^ square average roughness was 2.6 Angstrom. 

feo 7c 0 



[0 0 5 1 ] [0051] 

"MMM 3 6 Example 36 

5, 10, 15, 20-t^7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

y =. si, y j y y{c{Xx. 5,10,15,20-tetra (4-pyridyl) porphyrinate lead 

"C> 5, 10, 15, 20-7 was used, and also it is made to be the same as 

1^7 ( 4 - fc° y vvl-) *>7^f that of Example 1, the 5,10,15,20-tetra 

y Mft&fflV\fc(S3W±, HJifc (4-pyridyl) porphyrinate lead thin film was 

f'J 1 ilsMft-LT, 5, 10, obtained. 

15, 20-7^7 ( 4 - t° y When the roughness of the surface of this film 

vvi-) i$.}\/~7 4 y i~ h$nMf$:& was measured by atomic force microscope, the 

t#7c Q Cflf W ^(S (7)^1$; ^Up; square average roughness was 2.5 Angstrom. 
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[0 0 5 2] 

gjj 3 7 

5, 10, 15, 2 0-7- F7 
5, 10, 15, 20-r 

(4 -try v^) 

fi, Hife^Jl i:P)#^tT, 5, 

10, 15, 2 0 -X b 7 (4 



[0052] 

Example 37 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-pyridyl) porphyrinate nickel 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(4-pyridyl) porphyrinate nickel thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square - average roughness was 2.6 
Angstrom. 



[0 0 5 3] 

3 8 



5, 10, 15, 2 0-7- by 

y ^~>vi$ivy ^ y y\ciXx. 

t, 5, 10, 15, 20-f 

by (4 -try -fcjvy j 

mfe$ii tmuizvx, 

5, 10, 15, 2 0-x by 

(4 - try ffs)vy 4 y -t 

b ^ ^ mm^ntz 0 r 

3 9 



[0053] 

Example 38 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-pyridyl) porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetra (4-pyridyl) porphyrinate 
magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 
Example 39 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-pyridyl) porphyrinate copper 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
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5, 10, 15, 20-f 1^7 (4-pyridyl) porphyrinate copper thin film was 

7i-^;i'7^ V yfciXz. obtained. 

5, 10, 15, 2 0- f When the roughness of the surface of this film 

h 7 ( 4 — t° y vvv) /}vi-:7 ^ was measured by atomic force microscope, the 

y "t" Mt^fflV^/c^^H^ HJife square average roughness was 2.5 Angstrom. 
#11 tmUfcLXs 5, 10, 
15, 20-fb7 (4 - try 

/K7^7^ y-7-h^#l^^ 

iris 7 7. hn— i»-cfcofc 0 
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[0054] 

Example 40 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,1 5,20-tetra (4-pyridyl) porphyrinate 
cadmium was used, and also it is made to be 
the same as that of Example 1, the 
5, 10,1 5,20-tetra (4-pyridyl) porphyrinate 
cadmium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 5 5] 

W4 1 



5, 10, 15, 20-fh7 
7 x. =.;Vj£;V7 -i 3 V\Z.{\x. 

5, 10, 15, 20 -7 
V7 (4-dr/ y/U) S)V7 A 

y >&m^fzm>it, umm 1 



[0055] 

Example 41 

Instead of 5, 10,1 5,20-tetraphenyl porphyrin, 
5,10,1 5,20-tetra (4-quinolyl) porphyrin was 
used, and also it is made to be the same as that 
of Example 1, the 5, 10,1 5,20-tetra (4-quinolyl) 
porphyrin thin film was obtained. 
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When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 5 6] 

mMM4 2 

5, 10, 15, 20-rh7 

7ix;^>7 ^ y y\ciXz_ 

t, 5, 10, 15, 20-f 
f7 (4 -dr7 jjao aK^^-f 

Jfe^l tPJ^lcLT, 5,10, 
15, 20-TF7 (4-*S 

y -$>vy jy-r F1M 



[0056] 

Example 42 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-quinolyl) porphyrinate zinc 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(4-quinolyl) porphyrinate zinc thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0057] 

Example 43 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-quinolyl) porphyrinate cobalt 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(4-quinolyl) porphyrinate cobalt thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0058] 

Example 44 



5, 10, 15, 20-fb7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

y ^^sUytfjuy j yi/\TL{X?L 5,10,1 5,20-tetra (4-quinolyl) porphyrinate lead 

5, 10, 15, 2 0- 7 was used, and also it is made to be the same as 

Yy (4-^/!)/l/) A that of Example 1, the 5,1 0,1 5,20-tetra 

y ^ Mn^rfflV ^7c[£7>fi. (4-quinolyl) porphyrinate lead thin film was 

#J 1 t LT, 5 , 10, obtained. 

15, 20-7^7 ( 4 — 7 When the roughness of the surface of this film 

y ;V) i£;vy j ] Ji~ bfp^flf ^ was measured by atomic force microscope, the 

#fc 0 " WJf ©^E^ft^^rl^ square average roughness was 2.5 Angstrom. 

Oris # * bn-A^ofco 

[0 0 5 9] [0059] 

llMMi 5 Example 45 

5, 10, 15, 20-7^7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7x^/^>7^f V y 5, 10,1 5,20-tetra (4-quinolyl) porphyrinate nickel 

T\ 5, 10, 15, 20-7 was used, and also it is made to be the same as 

Yy Ofrivy 4 that of Example 1, the 5, 10,1 5,20-tetra 

]) -y- y - y JriV&ffi \^Tz.\%1p (4-quinolyl) porphyrinate nickel thin film was 

fit, UW\ 1 t Rtlt^ LT, 5, obtained. 

10, 15, 20-7^7 (4 When the roughness of the surface of this film 

— ^ J y Hfrfry 4 y i~ h — was measured by atomic force microscope, the 

y *r 7i/^!fl£r#7t: 0 - (D^(D^ square average roughness was 2.6 Angstrom. 
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^jifcffiH 6 Example 46 
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Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-quinolyl) porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetra (4-quinolyl) porphyrinate 
magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 
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[0061] 

Example 47 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (4-quinolyl) porphyrinate 
copper was used, and also it is made to be the 
same as that of Example 1 , the 5,10,15,20-tetra 
(4-quinolyl) porphyrinate copper thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0062] 

Example 48 

Instead of 5,10,15,20-tetraphenyl porphyrin, 

(4-quinolyl) porphyrinate 



5, 10, 15, 2 0- r cadmium was used, and also it is made to be 
by (4-^f-yy/u) i&jw 4 the same as that of Example 1, the 
Vy- b7J ^ASrfflv^fcfaa* 5,10,15,20-tetra (4-quinolyl) porphyrinate 
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cadmium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0063] 

Example 49 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (6-quinolyl) porphyrin was 
used, and also it is made to be the same as that 
of Example 1, the 5,10,15,20-tetra (6-quinolyl) 
porphyrin thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0064] 

Example 50 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (6-quinolyl) porphyrinate zinc 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(6-quinolyl) porphyrinate zinc thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0065] 

Example 51 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (6-quinolyl) porphyrinate cobalt 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(6-quinolyl) porphyrinate cobalt thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0066] 

Example 52 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (6-quinolyl) porphyrinate lead 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
(6-quinolyl) porphyrinate lead thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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Example 53 
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Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,1 5,20-tetra (6-quinolyl) porphyrinate nickel 
was used, and also it is made to be the same as 
that of Example 1, the 5,1 0,1 5,20-tetra 
(6-quinolyl) porphyrinate nickel thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0068] 

Example 54 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5, 10,1 5,20-tetra (6-quinolyl) porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 
5, 10,1 5,20-tetra (6-quinolyl) porphyrinate 
magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 
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[0069] 

Example 55 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,1 0,1 5,20-tetra (6-quinolyl) porphyrinate 
copper was used, and also it is made to be the 
same as that of Example 1 , the 5,1 0,1 5,20-tetra 
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V i~ M^SrfflV^S^fl, ^jjfe (6-quinolyl) porphyrinate copper thin film was 

mitm^KLX, 5, 10, obtained. 

15, 20-fh7 (6—^7 When the roughness of the surface of this film 

y /I/) 4 V ~f~ h$B$MH&: was measured by atomic force microscope, the 

%tz. 0 Cfl^co|g®c7)ft $ square average roughness was 2.5 Angstrom. 
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[0070] 

Example 56 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (6-quinolyl) porphyrinate 
cadmium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetra (6-quinolyl) porphyrinate 
cadmium thin film was obtained. 
The place which measured the roughness of 
the surface of this film by atomic force 
microscope — that square - average roughness 
was 2.6 Angstrom. 
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[0071] 

Example 57 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra quinoxalyl porphyrin was used, 
and also it is made to be the same as that of 
Example 1, the 5,10,15,20-tetra quinoxalyl 
porphyrin thin film was obtained. 
The place which measured the roughness of 
the surface of this film by atomic force 
microscope ~ that square - average roughness 
was 2.6 Angstrom. 
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[0072] 

Example 58 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra quinoxalyl porphyrinate zinc 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
quinoxalyl porphyrinate zinc thin film was 
obtained. 

The place which measured the roughness of 
the surface of this film by atomic force 
microscope - that square - average roughness 
was 2.5 Angstrom. 
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[0073] 

Example 59 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,15,20-tetra quinoxalyl porphyrinate cobalt 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
quinoxalyl porphyrinate cobalt thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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Example 60 



6/30/2003 



47/80 



(C) DERWENT 



JP5-275771-A 



THOMSON 



5, 10, 15, 2 0-"T hy 
X, 5, 10, 15, 20 -y- 

tmWiKLX, 5, 10, 15, 

20-r hy*s df-iMJ/v^/i/ 



Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra quinoxalyl porphyrinate lead 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
quinoxalyl porphyrinate lead thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0075] 

Example 61 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra quinoxalyl porphyrinate nickel 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra 
quinoxalyl porphyrinate nickel thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0076] 

Example 62 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra quinoxalyl porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 

quinoxalyl porphyrinate 
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MMM 1 t LX, 5 , magnesium thin film was obtained. 
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When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 
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[0077] 

Example 63 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,1 5,20-tetra quinoxalyl porphyrinate copper 
was used, and also it is made to be the same as 
that of Example 1, the 5,1 0,1 5,20-tetra 
quinoxalyl porphyrinate copper thin film was 
obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0078] 

Example 64 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5, 10,1 5,20-tetra quinoxalyl porphyrinate 
cadmium was used, and also it is made to be 
the same as that of Example 1, the 
5, 10,1 5,20-tetra quinoxalyl porphyrinate 
cadmium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



6/30/2003 



49/80 



(C) DERWENT 



JP5-275771-A 



2. hu— A-efeo 



.UlOLU i .j.u 



[0 0 7 9] 

E#|J6 5 



5, 10, 15, 2 0-7" Vv 

7i^*>7 ^ y yfcftx. 

t, 5, 10, 15, 2 0-7 

5, 1 

0, 15, 2 0-7" hy^rX (2 

-7/^1^= a-) aM\sy 4 y y 

E# !l 6 6 



5, 10, 15, 20-ff7 

7 ^ ^/i/ tK A 7 ^ y y^fti 

T, 5, 10, 15, 2 0-7 

bydrx (2 /i/) 

5, 10, 15, 2 0-7 h7 
(2-:7/M-l--~/W) jtf/P 

^ y-7-f«»^#fco r 

2 . 5ty^F 



[0079] 

Example 65 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2-fluorenyl) porphyrin was 
used, and also it is made to be the same as that 
of Example 1, the 5,10,15,20-tetrakis 
(2-fluorenyl) porphyrin thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
Example 66 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 
zinc was used, and also it is made to be the 
same as that of Example 1, the 
5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 
zinc thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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5, 10, 15, 20-7^7 Instead of 5,10,15,20-tetraphenyl porphyrin, 
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t, 5, 10, 15, 20-r cobalt was used, and also it is made to be the 

hy^rX (2 — ~7 ;V$r ]/ z=- )V) same as that of Example 1, the 

y£;vy 4 y *t V V 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

fl>fi, HJt^J 1 t t cobalt thin film was obtained. 

X, 5, 10, 15, 20-r When the roughness of the surface of this film 

h y ( 2 - y;v$r U^/u) was measured by atomic force microscope, the 

i$)V7 4 y ^ h n/^yi/ square average roughness was 2.6 Angstrom. 

5, -t© saigas ^ 2. 6 



[0 0 8 1] [0081] 

jjjfcjgj 6 8 Example 68 

5, 10, 15, 20-t1^7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

y^^jv^tvyj y yfcftx. 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

X, 5, 10, 15, 20-r lead was used, and also it is made to be the 

F7^r^ (2 -y/is^-l/^^) same as that of Example 1, the 

i£)V7 4 y *f M&SrJfll^id* 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

fix ^jSfefll 1 £ [nPfttte: LT, 5 , lead thin film was obtained. 

10, 15, 20-xb^^^ When the roughness of the surface of this film 

( 2 — y ')VHr i^)Vy 4 was measured by atomic force microscope, the 

y 1~ V $q3Mf £r#fc 0 " ©il© square average roughness was 2.5 Angstrom. 

[0 0 8 2] [0082] 

WMM 6 9 Example 69 

5, 10, 15, 20-rh7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

y ^^)Vi£)Vy 4 y 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

t\ 5, 10, 15, 20-f nickel was used, and also it is made to be the 

Yy^rTs ( 2 — y same as that of Example 1, the 

*>7 ^ y ^ h n ytr/V%:fl\\^ 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

fcSd^Sx 1 i: IrMURi L nickel thin film was obtained. 
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When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 8 3] [0083] 

WfaM 7 0 Example 70 

5, 10, 15, 20-ff7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7x^^*°;V7^ y ^tftx. 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

X, 5, 10, 15, 20-r magnesium was used, and also it is made to be 

f7^^ — the same as that of Example 1, the 

i^)Vy A W^^v^A^r 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

ffll^fctS^fi^ %W$\\ bWlW. magnesium thin film was obtained. 

K Lt, 5 , 10, 15, 20 When the roughness of the surface of this film 

~ff7^r^ (2 — y;v^rv^ was measured by atomic force microscope, the 

jv) T^jvy 4 y Y sf^ i/ ^ square average roughness was 2.4 Angstrom. 

2. 4 3rl/if* V A^efeo 

fe 0 



[0 0 8 4] [0084] 

|i|[7 1 Example 71 

5, 10, 15, 20-rh7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7x^/i//K;U7^ !J y^iti 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

Xs 5, 10, 15, 20~f copper was used, and also it is made to be the 

hy^-^ (2— :7/lo3~l/^ AO same as that of Example 1, the 

/K^7>r y ^ h^^fflV^7cta/5^ 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

ft, ^Jfe^j 1 £ |p]$!Ic LX\ 5 , copper thin film was obtained. 

10, 15, 20~f h7 + ^ When the roughness of the surface of this film 

( 2 — yjvir U^/l/) yj^jvy 4 was measured by atomic force microscope, the 

y i~ h^#BI^r#fc 0 - <Df§:<D square average roughness was 2.5 Angstrom. 
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[0 0 8 5] [0085] 

"MMM 7 2 Example 72 

5, 10, 15, 2 0-v-Yy Instead of 5,10,1 5,20-tetraphenyl porphyrin, 

7 a; =. ;V )V 7 4 V > K iX x. 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

X s 5, 10, 15, 20-f cadmium was used, and also it is made to be 
( 2 — y the same as that of Example 1, the 

i£>V7 4 h% 5,10,15,20-tetrakis (2-fluorenyl) porphyrinate 

Wc(S;Hi, Hife^'J 1 t IrUUKi cadmium thin film was obtained. 

L"C, 5, 10, 15, 20- When the roughness of the surface of this film 

y- l-7^x(2 — :7,>U;3~ u^-su) was measured by atomic force microscope, the 

tK/U 7 -fU^h^K^? square average roughness was 2.6 Angstrom. 



[0 0 8 6] [0086] 

Hfeffil 7 3 Example 73 

5, 10, 15, 20-fh7 Instead of 5,10,1 5,20-tetraphenyl porphyrin, 

y i^;^°;U7 -f y >icftx. 5,10,15,20-tetrakis (2,4- dimethoxy phenol) 

"C\ 5, 10, 15, 20-f porphyrin was used, and also it is made to be 

Yy^Ts ( 2 , 4 - \7t b i/ the same as that of Example 1 , the 

7x7^) *>7^yv^i 5,10,15,20-tetrakis (2,4- dimethoxy phenol) 

V^Tcfi/Wi, ^IJife#iJ 1 t Ir^H^ porphyrin thin film was obtained. 

Lt\ 5, 10, 15, 20- When the roughness of the surface of this film 

f f7^x (2, 4 — h ^ was measured by atomic force microscope, the 

->7i7 ■ — t$)V7 4 y yffi. square average roughness was 2.6 Angstrom. 
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[0087] 

Example 74 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate zinc was used, and also it is made 
to be the same as that of Example 1, the 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate zinc thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 



[0 0 8 8] 

7 5 



5, 10, 15, 20-fh7 

X, 5, 10, 15, 2 0-X 
by^X (2, 

i tmu\zLx, 5, io, i 

5, 20-r h7^r^ (2, 4 
hn — ATfcofCc 



[0088] 

Example 75 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate cobalt was used, and also it is 
made to be the same as that of Example 1 , the 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate cobalt thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope. 
The square average roughness was 2.6 
Angstrom. 



[0 0 8 9] 
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5, 10, 15, 2 0-7- 

T s 5, 10, 15, 2 0- f 

hy^rX (2, h^-y 
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0 -7 F7^X (2, 4-^t< 
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Example 76 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate lead was used, and also it is made 
to be the same as that of Example 1, the 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate lead thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 



[0 0 9 0] 

"ill 7 7 



5, 10, 15, 20-rf7 

7 a: z^)vi^)vy 4 y 

t, 5, 10, 15, 20-7 
h7^* (2, 4—Z?fh*i' 

i tmm^Lx, 5, io, i 

5, 20-7 (2, 4 

7^ y t- ^y^fi^# 

?7 hn-AtfcoL 



[0090] 

Example 77 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate nickel was used, and also it is 
made to be the same as that of Example 1 , the 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate nickel thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 9 1 ] 
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[0091] 

Example 78 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
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y =-/V7f°/i-7 4 D y\Utx. 

X, 5, 10, 15, 2 0-7- 
Yy*y (2, 4 -iy/ 

mmi tw\Mz-Lx, 5,10, 

15, 20-t h7^rX (2, 

5, -t^e^¥«^^2. 4 



5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate magnesium was used, and also it 
is made to be the same as that of Example 1, 
the 5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 



[0 0 9 2] 

~Mm 7 9 

5, 10, 15, 20-yYy 

y x. ^)\sif,)\>y j y y\zi\z_ 

"C, 5, 10, 15, 20 -y 

h y*y (2, 4 -is J h^cis 
y^j—jv) iSjvy ^ y~f-y<m 

m^bX, 5, 10, 15, 2 
0 -y hy-^y (2, 4 



[0092] 

Example 79 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate copper was used, and also it is 
made to be the same as that of Example 1 , the 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate copper thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 



[0 0 9 3] 

mi 8 o 



5, 10, 15, 20-f^7 
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[0093] 

Example 80 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate cadmium was used, and also it is 
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made to be the same as that of Example 1, the 
5,10,1 5,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate cadmium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 9 4] 

gyfcff'j8 1 

5, 10, 15, 20-rh7 
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[0094] 

Example 81 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5, 10,1 5,20-tetrakis (2-nitrophenyl) porphyrin 
was used, and also it is made to be the same as 
that of Example 1, the 5,1 0,1 5,20-tetrakis 
(2-nitrophenyl) porphyrin thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 9 5] 

A 8 2 



5, 10, 15, 2 o-x Vy 
T, 5, 10, 15, 20-r 

frti, H*te#Ji tlWHt^LT. 



[0095] 

Example 82 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,1 0,1 5,20-tetrakis (2-nitrophenyl) porphyrinate 
zinc was used, and also it is made to be the 
same as that of Example 1, the 
5,1 0,1 5,20-tetrakis (2-nitrophenyl) porphyrinate 
zinc thin film was obtained. 
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5, 10, 15, 2 0-f F7 When the roughness of the surface of this film 
( 2 — ~ h p "7 n rvw) tK was measured by atomic force microscope, the 
J\s7 4 V i~ b ffi#p#^^r#^io square average roughness was 2.5 Angstrom. 
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[0096] 

Example 83 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
cobalt was used, and also it is made to be the 
same as that of Example 1, the 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
cobalt thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 0 9 7] 
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[0097] 

Example 84 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
lead was used, and also it is made to be the 
same as that of Example 1, the 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
lead thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0 0 9 8] [0098] 

g|jfegj[8 5 Example 85 

5, 10, 15, 20-f h7 Instead of 5,10,1 5,20-tetraphenyl porphyrin, 

7 i =;l//K;U7 ^ U i/^f-^x 5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 

T\ 5, 10, 15, 2 0-f nickel was used, and also it is made to be the 

F7^^(2-=ho7x^) same as that of Example 1, the 

-$^74 y-f h^s/^i'Srfflv 5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 

fcJSj&»tt, 1 <b l^filtc: t nickel thin film was obtained. 

T N 5, 10, 15, 2 0- r When the roughness of the surface of this film 

h7^^ (2- — hnr7ji n/ix) was measured by atomic force microscope, the 

i£}V7 j y-)~h~-y fr^W-Wklt square average roughness was 2.6 Angstrom. 

5, ^<^gnTOa$^2. 6 

[0 0 9 9] [0099] 

Hfeff'J 8 6 Example 86 

5, 10, 15, 20-7^7 Instead of 5,1 0,1 5,20-tetraphenyl porphyrin, 

7i=;^;l/7^ U ^lllftx. 5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 

"C, 5, 10, 15, 2 0-7 magnesium was used, and also it is made to be 

h 7^7. (2 -~ h p y zc~)\7) the same as that of Example 1, the 

S^y -Y y 7* h "V ^ v/yA^ - 5,10,1 5,20-tetrakis (2-nitrophenyl) porphyrinate 

ffiV^/cK/Wi, ^Jfe^'J 1 t [B)tH magnesium thin film was obtained. 

LT\ 5, 10, 15, 20 When the roughness of the surface of this film 

-7^7+^ (2--fn7i was measured by atomic force microscope, the 

i$)V7 4 y ~f h v v- square average roughness was 2.4 Angstrom. 

o 7c „ 
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[0100] 

Example 87 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
copper was used, and also it is made to be the 
same as that of Example 1, the 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
copper thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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'48 8 



5, 10, 15, 20-rh7 

7i^*>7^ 9 yfcftz. 

5, 10, 15, 20-7 
hv^-X (2 -~ Fn7x^) 

-&)vy j 91- h% 7^£ffl 
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[0101] 

Example 88 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
cadmium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetrakis (2-nitrophenyl) porphyrinate 
cadmium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0102] 

Example 89 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
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5,10,15,20-tetra biphenyl porphyrin was used, 
and also it is made to be the same as that of 
Example 1, the 5,10,15,20-tetra biphenyl 
porphyrin thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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5, 10, 15, 20-r 
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[0103] 

Example 90 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra biphenyl porphyrinate zinc was 
used, and also it is made to be the same as that 
of Example 1, the 5,10,15,20-tetra biphenyl 
porphyrinate zinc thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0104] 

Example 91 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra biphenyl porphyrinate cobalt 



t\ 5, 10, 15, 20-r was used, and also it is made to be the same as 

I* y ^y^^^J^y^f })i~b that of Example 1, the 5,10,15,20-tetra biphenyl 

h ^rJBV^f^d:, MM porphyrinate cobalt thin film was obtained. 

m 1 t IWttl^ LT, 5 , 10, When the roughness of the surface of this film 

15, 20-r F7 t"7x^ was measured by atomic force microscope, the 
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j&jvy 4 V ~f b 3 b ^fl^^r square average roughness was 2.6 Angstrom. 
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[0105] 

Example 92 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5,10,1 5,20-tetra biphenyl porphyrinate lead was 
used, and also it is made to be the same as that 
of Example 1, the 5,10,1 5,20-tetra biphenyl 
porphyrinate lead thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0106] 

Example 93 

Instead of 5,10,1 5,20-tetraphenyl porphyrin, 
5, 10,1 5,20-tetra biphenyl porphyrinate nickel 
was used, and also it is made to be the same as 
that of Example 1, the 5, 10,1 5,20-tetra biphenyl 
porphyrinate nickel thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 
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[0107] 

Example 94 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra biphenyl porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 
5,10,15,20-tetra biphenyl porphyrinate 
magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 
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[0108] 

Example 95 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra biphenyl porphyrinate copper 
was used, and also it is made to be the same as 
that of Example 1, the 5,10,15,20-tetra biphenyl 
porphyrinate copper thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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[0109] 

Example 96 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra biphenyl porphyrinate 
cadmium was used, and also it is made to be 
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h7 tf7rn^uxK^7>r U 1~ V the same as that of Example 1, the 

* ^-&SrfflV^fcS^fl, H 5,10,1 5,20-tetra biphenyl porphyrinate 

1 £ LT, 5 , 10, cadmium thin film was obtained. 

15, 20-rF7 tf7 When the roughness of the surface of this film 

ytf/lsy ^ K ^ £ was measured by atomic force microscope, the 

£r#fc 0 i W^W^ffi Wffi £ £r square average roughness was 2.6 Angstrom. 

6, *©an5¥*&as^2. 6 

[0 110] [0110] 

^IffEffiJ 9 7 Example 97 

5, 10, 15, 20-r f7 Instead of 5,10,1 5,20-tetraphenyl porphyrin, 

7 ^^/Utf/uy j yy^fU 2,3,7,8,12, 13,17, 18-octaethyl porphyrin was 
T, 2, 3, 7, 8, 12, 1 used, and also it is made to be the same as that 
3, 17, 1 &-3r9#^jV of Example 1, the 2,3,7,8,12, 13,17,18-octaethyl 
i&)\/7 4 V y^rfflV^fcfSA^i, porphyrin thin film was obtained. 

^#E#|] 1 i: [pltit- LT, 2 , 3 , When the roughness of the surface of this film 

7, 8, 12, 13, 17, 1 was measured by atomic force microscope, the 

8 — JfV $ yU/K )V7 A V > squareaverage roughness was 2.6 Angstrom. 

[0 111] [0111] 

jUfcgg 9 8 Example 98 

5, 10, 15, 20-rh7 Instead of 5,10,1 5,20-tetraphenyl porphyrin, 

7 ^ y yfcftx. 2,3,7,8,12, 13,17,18-octaethyl porphyrinate zinc 

"C\ 2, 3, 7, 8, 12, 1 was used, and also it is made to be the same as 

3, 17, 1 that of Example 1, the 

i£)V7 4 y~h MLH&SrJfll^fcfi 2,3,7,8,12,13,17,18-octaethyl porphyrinate zinc 

^StEf'J 1 t IrIHI- LT, thin film was obtained. 

2, 3, 7, 8, 12, 13, When the roughness of the surface of this film 

17, 18-^^ $ was measured by atomic force microscope, the 

7>f Utb ^Ip^Bf £r#fd 0 - square average roughness was 2.6 Angstrom. 
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[0 112] 

mfcff'J 9 9 

5 , 10, 15, 20 -7- h 7 

7i^^*°^7 ^ y ytft*. 

T» 2, 3, 7, 8, 12, 1 
3 , 17, 18 -Urtrf^fr 

X s 2, 3, 7, 8, 12, 1 

3 , 17, 18 -$r9 9*.'?*A> 

tfjuy a y 7- h h»BS£ 

if ffl ?>mmm xm feLtctz 

5, -t we a« 2. 6 



[0112] 

Example 99 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
2,3,7,8,12,1 3,17,1 8-octaethyl porphyrinate 
cobalt was used, and also it is made to be the 
same as that of Example 1, the 
2,3,7,8,12,1 3,17,1 8-octaethyl porphyrinate 
cobalt thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 113] 

ioo 



5, 10, 15, 20-f h7 

X, 2, 3, 7, 8, 12, 1 
3 , 17, 18 -HrVZ^fl, 

it, Mmmi tmmizLx, 2, 

3, 7, 8, 12, 13, 17, 

1 8 - f^jvtftisy 4 y 

£tfS2. 



[0113] 

Example 100 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
2,3,7,8,12,1 3,1 7,1 8-octaethyl porphyrinate lead 
was used, and also it is made to be the same as 
that of Example 1, the 
2,3,7,8,12,13,17,18-octaethyl porphyrinate lead 
thin film was obtained. 

When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.5 Angstrom. 
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lii i o i 

5, 10, 15, 20-rh7 

t, 2, 3, 7, 8, 1 2, 1 
3, 17, 18 --^W^iV 

fctad^fi, H^Jitiwut^t 

X, 2, 3, 7, 8, 12, 1 
3, 17, 18 9 /V 

ifr)V7 ^ y-)-b~-y £vH*Hg£r 
5, 2. 6 



[0114] 

Example 101 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
2,3,7,8,12,13,17,1 8-octaethyl porphyrinate 
nickel was used, and also it is made to be the 
same as that of Example 1, the 
2,3,7,8,1 2,1 3, 1 7, 1 8-octaethyl porphyrinate 
nickel thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.6 Angstrom. 



[0 115] 

UM 10 2 



5, 10, 15, 2 0— r by 

7 ^~)Vifs)V7 4 JjVteft*. 

T, 2, 3, 7, 8, 12, 1 
3, 17, 18 -Hr9 Z^L^fr 

tLt, 2, 3, 7, 8, 1 2, 
13, 17, 18 -^-^^rcf- 

/lstf/l* 7 4 V j- V "V ^ V r> i, 



[0115] 

Example 102 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
2,3,7,8, 12,1 3, 17,1 8-octaethyl porphyrinate 
magnesium was used, and also it is made to be 
the same as that of Example 1, the 
2,3,7,8, 12,13,17,1 8-octaethyl porphyrinate 
magnesium thin film was obtained. 
When the roughness of the surface of this film 
was measured by atomic force microscope, the 
square average roughness was 2.4 Angstrom. 



[0 116] 

%MM 10 3 



5 , 10, 15, 20 -7 V 7 



[0116] 

Example 103 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
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7i=^7-( V 2,3,7,8,12, 13,17,18-octaethyl porphyrinate 

t, 2, 3, 7, 8, 12, 1 copper was used, and also it is made to be the 

3, 17, same as that of Example 1, the 

•&)V7 4 Vi-hm%m^fcm> 2,3,7,8,12,1 3,1 7,1 8-octaethyl porphyrinate 

ft, ^Jfe#!l 1 1 LT\ 2, copper thin film was obtained. 

3, 7, 8, 12, 13, 17, When the roughness of the surface of this film 

1 8 —3r? $ 3L^-)Vi$!vy 4 y was measured by atomic force microscope, the 

j~ hMfflR£%:1&tz 0 Z <D$£<DM square average roughness was 2.5 Angstrom. 

[0 117] [0117] 

Hi 10 4 Example 1 04 

5, 10, 15, 20-rF7 Instead of 5,10,15,20-tetraphenyl porphyrin, 

7i=^7-f U ^l-ftx. 2,3,7,8,12,13,17,18-octaethyl porphyrinate 

~C, 2, 3, 7, 8, 12, 1 cadmium was used, and also it is made to be 

3, 17, 1 the same as that of Example 1, the 

iS)V-7j y -t h% <7-A£jl 2,3,7,8,12,13,17,18-octaethyl porphyrinate 

WcfS/^te, ^ft^ij 1 irPtHlC cadmium thin film was obtained. 

LT, 2, 3, 7, 8, 12, When the roughness of the surface of this film 

13, 17, 18 — P^'f- was measured by atomic force microscope, the 

)Vt$)\> y 4 y-f Yj] Y xy square average roughness was 2.6 Angstrom. 

&m?mt> mum -?w M^ftt 

[0118] [0118] 

10 5 Example 105 

5, 10, 15, 20-rF7 0.1g of 5,10,15,20-tetraphenyl porphyrin 

7x=;UjK;U7^ y yfe^O. powder and 0.1g of 5,10,15,20-tetraphenyl 

1 5, 10, 15, 20 porphyrinate zinc were measured, and each 

-fh7 7x-;u#^7>f y-f was put into the 1 st quartz crucible and the 2nd 

b 1E#& 0. 1 g <h £|f- <9 & 9 , quartz crucible. 
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Zti^tl&fH 1 5$5o(£i| And a 1st quartz crucible is put into the source 

2 5^Sofi©^tAtbfc 0 ^ room of a 1st molecular beam of a 

LT, |15$5o(^^fI molecular-beam vapor deposition apparatus, 

^ifSK^fl 1 ^T^S^-s and a 2nd quartz crucible is put into the source 

I2^5o[^I2^II room of a 2nd molecular beam, separately, 

iE^AfrT^ S'i^f-x 1 5 0°C vacuum suction was carried out for 10 hours 

^ADiftL^^^M^^^ h 7 y with the oil diffusion-equation vacuum pump 

^(Dol^/cffi^t^Jl^^y:? 0 which the liquid nitrogen trap attached, heating 

tiU 1 OB£[8IK£3lf Ufco at 150 degrees C. 

[0 119] [0119] 

j?^0. 5 mm, 11:^4 On the other hand, ultraviolet radiation was 

4 y^(Diy ] J ^yty^s^— ( 1 applied to silicon-wafer (100) with a thickness 

0 0) U ^M^M^X 2 of 0.5 mm, and a diameter of 4 inches, heating 

0 0°CKMWt fb#tfl#£ at 200 degrees C in an oxygen air current. 

e^T/c 0 ^(Di/ ] ) Next, washing and etching were performed by 

^tK^CPSI Lfc 1 % immersing for 10 minutes in 1% of 

©7 Wfc7KS?7Kf§fl£^ 1 0£HM hydrogen-fluoride aqueous solution which 

gtfi~2>r £tz:J;9, jfeftvRTJ 5 adjusted the silicon wafer with the pure water. 

^ y ^SrfrofCo ^ LT, And this was setted to the base-plate holder of 

^ix^MlrtOlS*^^^ growth chamber interior, 
-try h Lfc 0 

[0 12 0] [0120] 

JKK^ % 1 S:tFH 2 BW£ Next, both samples were heated at 240 degrees 

^i^li b 7 y 7°©o^fc C, carrying out vacuum suction with the oil 

ffo&Wt^M^^^y^^k diffusion-equation vacuum pump with which the 

P5^H2 4 liquid nitrogen trap attached source chamber 

OVfcMWtLtCo ^LX, %\ interior of a 1st and 2nd molecular beam. 

ft^FBM^t, t^^VyAir And the 1st gate valve which separated the 

J$l/y\ A^y^y~7\ "f~$y source room of a 1st molecular beam and the 

^fv^^yy\ wi^f^My^y growth chamber which 1*10" 10 Torr reduce 

^ KM X V) 1 x 1 0 " 10 T o r pressured by the cryopump, the ion pump, the 

r ^^EE&ftfcJ$il=s*£ £r#8i titanium getter pump, and the liquid nitrogen 

LTV^fcfl^F^y^ffl shroud in the interior was opened, and the 

tj\ 5, 10, 15, 2 0-7~ vapor deposition to the base plate of 
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«-(Z)M^^^Lfc 0 rot 

5, 10, 

15, 2 0-x by y=.=- ;vM 
^y^V-tb 22^ 

r ©i^ff xjfiiieijf^ 



[0121] 

>-£Hl^1-„ 0#r#: 

ft-tt, Cu-K7/V77l, 4 
0 OKV, 2 0 OmAtfcofco 

* fc, sys^s 0©f 0 . 

0 2 0 -efcofc 0 

10 6 

5, 10, 15, 20-fh7 

x h -y y -r h =» 

/^h^V\ 5, 10, 15, 
2 0 -x h9 7i=;^;U7Y 

JCT £ £: £ 2 0*1/?* bo 
— J*k U T-fe b>X° : > 



DERWENT 

5,10,15,20-tetraphenyl porphyrin was started. 
At this time, the monitor of the deposition film 
thickness was carried out by the 
crystal-oscillator type thickness gage. 
And the 1st gate valve was closed in the place 
where the deposition film thickness amounted 
to 22 Angstrom, and vapor deposition was 
stopped. 

Next, 5,10,15,20-tetraphenyl porphyrinate zinc 
was vapor-deposited 22 Angstrom in the similar 
procedure. 

This operation is alternately repeated by a unit 
of 20 times, respectively, the multilayer film was 
made. 

When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 44 Angstrom. 

[0121] 

The X-ray-diffraction pattern of the small angle 

of this film is shown in FIG. 1. 

In addition, diffraction conditions were Cu-K 

alpha rays, 400kV, and 200mA. 

Moreover, the pitch of a measurement angle 

(theta) was 0.02°. 

Example 106 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
replaces with 5,10,1 5,20-tetraphenyl 
porphyrinate zinc using tetra benzo 
porphyrinate cobalt, and both the deposition film 
thickness in every time of each porphyrin 
derivative are made into 20 Angstrom using 
tetra benzo lead, the ITO glass by which 
ultrasonic cleaning was carried out with acetone 
was used for the base plate, and also it is made 
to be the same as that of Example 1, the 
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fr&titz. I T0^7^^Ifi(^ multilayer film was obtained. 

fflWcfS/Wi, HJ&#i| 1 i: Plii When the laminate period of this film was 

^L~C, #JHH&r#7£ 0 "colif investigated by the X-ray-diffraction analysis, it 

colISjl^^X^Hliff^W'CP was checked that it is 40 Angstrom. 



[0 12 2] 

mmm 1 o 7 

5, 10, 15, 2 0-x h7 

y 3L~)Vi$.)Vy 4 y y\,L{Xz.X 
5, 10, 15, 20-rf7 
(2- t°U vvw) *V^7^ Ui- 
h^y^r^m\ 5, 10, 

15, 2 0-7- F7 7i^/H 
10, 15, 20-7^7 (2 

- 1° y v7w) tk^^ ^yth-? 

^ y y^f$(Z) 1 mzt 



[0122] 

Example 107 

Instead of 5,10,15,20-tetraphenyl porphyrin, 
5,10,15,20-tetra (2-pyridyl) porphyrinate nickel 
is used, instead of 5,10,15,20-tetraphenyl 
porphyrinate zinc, 5,10,15,20-tetra (2-pyridyl) 
porphyrinate magnesium is used, both the 
deposition film thickness in every time of each 
porphyrin derivative were made into 24 
Angstrom, and also it is made to be the same as 
that of Example 1, the multilayer film was 
obtained. 

When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 48 Angstrom. 



[0123] [0123] 

Hjfcjjjj 10 8 Example 108 

5, 10, 15, 20-ff7 Instead of 5,10,15,20-tetraphenyl porphyrin and 

7 x.~)\sTfs;V7 j y l/\z.\Xz_X replaces with 5,10,15,20-tetraphenyl 

5, 10, 15, 20-rh7 porphyrinate zinc using 5,10,15,20-tetra 

( 3 — t° V i/^) i$)V7 4 y 1/ (3-pyridyl) porphyrin copper, the deposition film 

$s|&"fflV\ 5, 10, 15, 2 thickness in every time of each porphyrin 
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0- f|-7 7x=/i/*>7 4 y derivative were made into 30 Angstrom and 20 

1- hMSK{Xz-X, 5, 10, Angstrom using 5,10,15,20-tetra (3-pyridyl) 
15, 20-ff7 ( 3 — tf U porphyrinate cadmium, and also it is made to be 
it/is) tf/^y A V i- Y1J K ^ £ the same as that of Example 1, the multilayer 
A£fffli/\ ■tMil'©^^^ ^ film was obtained. 

y yjpagftW 1 Ilir'iOitllBf When the laminate period of this film was 

JIf£ 3 0 ^-y^x fn-ASt; investigated by the X-ray-diffraction analysis, it 

2 0 XlsJf* hn-Ai Lfcta was checked that it is 50 Angstrom. 

[0 12 4] [0124] 

10 9 Example 109 

5, 10, 15, 20-ff7 Replaced with 5,10,1 5,20-tetraphenyl 

7i-;^>7-f y ydft^T porphyrin, replaced with 5,1 0,1 5,20-tetraphenyl 

5, 10, 15, 20-rb7 porphyrinate zinc using 5,10,15,20-tetra 

( 4 - 1° V vvt') y y (4-pyridyl) porphyrin, and both the deposition 

£rfflV\ 5, 10, 15, 2 0 film thickness in every time of each porphyrin 

— if h7 7x=;>^7-f derivative were made into 22 Angstrom using 

hffi#pH-{tx.T 5, 10, 15, 5,10,15,20-tetra (4-pyridyl) porphyrinate cobalt, 

20-rh7 ( 4 — fc° y v7i") and also it is made to be the same as that of 

A 'J 1~ V 3 h ^ffl Example 1, the multilayer film was obtained. 

V\ ^tfo^iMD-Rflsy j y >H When the laminate period of this film was 

^f$CD 1 @^£©i£igBCT£ t investigated by the X-ray-diffraction analysis, it 

h K 2 2ty^"7 hn-i^i: L was checked that it is 44 Angstrom. 



[0 12 5] [0125] 
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5, 10, 15, 20-f^7 

71=^7^ y yKixttx 

5, 10, 15, 20-fh7 
(4 -3V U >U) i£)V7 4 y y 
£fflV\ 5, 10, 15, 2 0 

HWX.T5, 10, 15, 
2 0— r h7 (4-^7 y^) 

?frUDtf/U7 4 y 1 

^ 1/ ? 7 Y n - A £ t /c 

^x^iHitff^tif-ep^fci r 




Example 110 

Replaced with 5,10,1 5,20-tetraphenyl 
porphyrin, replaced with 5, 10,1 5,20-tetraphenyl 
porphyrinate zinc using 5,10,15,20-tetra 
(4-quinolyl) porphyrin, and both the deposition 
film thickness in every time of each porphyrin 
derivative were made into 23 Angstrom using 
5,10,15,20-tetra (4-quinolyl) porphyrinate lead, 
and also it is made to be the same as that of 
Example 1, the multilayer film was obtained. 
When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 46 Angstrom. 



[0 12 6] 

^mn 1 1 1 

5, 10, 15, 20-t1^7 
7x^*>7^ y l/\Z\X?LX 
5, 10, 15, 20~fl^7 

(6 y )V) 7f,)vy 4 y y 

5, 10, 15, 2 0 
F»fUT5, 10, 15, 

20-ff7 yyu) 



[0126] 

Example 111 

Replaced with 5, 1 0, 1 5,20-tetraphenyl 
porphyrin, replaced with 5,1 0,1 5,20-tetraphenyl 
porphyrinate zinc using 5,10,15,20-tetra 
(6-quinolyl) porphyrin, and the deposition film 
thickness in every time of each porphyrin 
derivative were made into 28 Angstrom and 24 
Angstrom using 5,10,15,20-tetra (6-quinolyl) 
porphyrinate magnesium, and also it is made to 
be the same as that of Example 1, the 
multilayer film was obtained. 
When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 52 Angstrom. 
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[0 12 7] 

mfom 112 

5, 10, 15, 2 0-x f7 

5, 10, 15, 2 0-X by 

V\ 5, 10, 15, 20-f 

#bM-ft^T5, 10, 15, 2 
0 -T- h y^ / jvtf?vy 



[0127] 

Example 112 

Replaced with 5,10,15,20-tetraphenyl 
porphyrin, replaced with 5,10,15,20-tetraphenyl 
porphyrinate zinc using 5,10,15,20-tetra 
quinoxalyl porphyrin, and the deposition film 
thickness in every time of each porphyrin 
derivative were made into 24 Angstrom and 22 
Angstrom using 5,10,15,20-tetra quinoxalyl 
porphyrinate copper, and also it is made to be 
the same as that of Example 1, the multilayer 
film was obtained. 

When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 46 Angstrom. 



[0 12 8] 

in m 113 



5, 10, 15, 20-f f7 
5, 10, 15, 20-7^7 
y >"£fflV\ 5, 10, 15, 

2 0 — r F7 7i^;^7^ 

yt^wut5, io, 

15, 20 -y h y (2-7/V 
irvz^jv) /K/uy^r y t- h# R 



[0128] 

Example 113 

Replaced with 5,10,15,20-tetraphenyl 
porphyrin, replaced with 5,10,15,20-tetraphenyl 
porphyrinate zinc using 5,10,15,20-tetra 
(2-fluorenyl) porphyrin, and the deposition film 
thickness in every time of each porphyrin 
derivative were made into 24 Angstrom and 26 
Angstrom using 5,10,15,20-tetra (2-fluorenyl) 
porphyrinate cadmium, and also it is made to be 
the same as that of Example 1, the multilayer 
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5">A£r/BV\ Zfo^tKDtf/is film was obtained. 

V l/^UW-<D 1 mrrt©^ When the laminate period of this film was 

fjtfl^ff^r 2 4^">'^x h n — A investigated by the X-ray-diffraction analysis, it 

S(52 6^y^>Fn-Ai:L was checked that it is 50 Angstrom. 

« mm % xmmffifttifvm^t- 



[0129] 
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5, 10, 15, 2 0-x h7 

5, 10, 15, 2 0-T- Yy 
(2, 4-v^ h^r^7^ 

; tf/vy 4')~Y VffcZm 

V\ 5, 10, 15, 20-f 

&sK{Xz.X5, 10, 15, 2 
0-r h7=*-* (2, 4-v?^ 

b- 3r v y a; / — /i/) /if /^y ^ y 

(7)/K/b7 -i y ^^f^w i @r' 

t (Dmrnmrnz 2 0 h 

a t Ltcm>n, mmm 1 tm 

Hf offli jUffi £ xHHI#r#tff T* 



[0129] 

Example 114 

Replaced with 5,10,15,20-tetraphenyl 
porphyrin, replaced with 5,10,15,20-tetraphenyl 
porphyrinate zinc using 5,10,15,20-tetrakis (2,4- 
dimethoxy phenol) porphyrinate lead, and the 
deposition film thickness in every time of each 
porphyrin derivative were made into 20 
Angstrom and 26 Angstrom using 
5,10,15,20-tetrakis (2,4- dimethoxy phenol) 
porphyrinate cobalt, and also it is made to be 
the same as that of Example 1, the multilayer 
film was obtained. 

When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 46 Angstrom. 



[0130] 

%MM 115 



[01 30] 

Example 115 
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5, 10, 15, 20-fl^7 
£fflV\ 5, 10, 15, 2 0 
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"3y i n i1 1 



OERWEMT 

Replaced with 5, 1 0,1 5,20-tetraphenyl 
porphyrin, replaced with 5,10,15,20-tetraphenyl 
porphyrinate zinc using 5,10,1 5,20-tetra 
biphenyl porphyrinate zinc, and the deposition 
film thickness in every time of each porphyrin 
derivative were made into 22 Angstrom and 26 
Angstrom using 5,1 0,1 5,20-tetra biphenyl 
porphyrinate lead, and also it is made to be the 
same as that of Example 1, the multilayer film 
was obtained. 

When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 48 Angstrom. 



[0 13 1] 
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2, 3, 7 , 8, 12, 13, 

17, 1 %-Hr9 9^Asi$)\s 
7 4 V1~ ME#£fflV\ 5, 1 
0,15,2 0-T by7^^ 

2, 3, 7, 8, 12, 13, 
17, 1 8-*# 

fri^tKDTji/uy ^ y 

1 tmm^Lx ^mm&mc 0 



[0131] 

Example 116 

Replaced with 5, 1 0, 1 5,20-tetraphenyl 
porphyrin, replaced with 5,10,15,20-tetraphenyl 
porphyrinate zinc using 

2,3,7,8,12,13,17,18-octaethyl porphyrinate zinc, 
and the deposition film thickness in every time 
of each porphyrin derivative were made into 22 
Angstrom and 23 Angstrom using 
2,3,7,8,12,13,17,18-octaethyl porphyrinate 
nickel, and also it is made to be the same as 
that of Example 1, the multilayer film was 
obtained. 

When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 45 Angstrom. 
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Example 117 

0.1g of 5,10,15,20-tetraphenyl porphyrin 
powder and 0.1 g of 5,10,15,20-tetraphenyl 
porphyrinate zinc and tetra benzo porphyrinate 
cobalt 0.1g were measured, and each was put 
into the 1st quartz crucible, the 2nd quartz 
crucible, and the 3rd quartz crucible. 
And a 2nd quartz crucible is put into the source 
room of a 2nd molecular beam, and a 3rd 
quartz crucible is put into the source room of a 
1st molecular beam of a molecular-beam vapor 
deposition apparatus for a 1st quartz crucible at 
the source room of a 3rd molecular beam, 
separately, vacuum suction was carried out for 
10 hours with the oil diffusion-equation vacuum 
pump which the liquid nitrogen trap attached, 
heating at 150 degrees C. 



[0 13 3] 
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[0133] 

On the other hand, ultraviolet radiation was 
applied to silicon-wafer (1 00) with a thickness of 
0.5 mm, and a diameter of 4 inches, heating at 
200 degrees C in an oxygen air current. 
Next, washing and etching were performed by 
immersing for 10 minutes in 1% of fluorination 
aqueous solution which adjusted the silicon 
wafer with the pure water. 
And this was setted to the base-plate holder of 
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growth chamber interior. 
Next, which sample was heated at 240 degrees 
C, carrying out vacuum suction with the oil 
diffusion-equation vacuum pump with which the 
liquid nitrogen trap attached source chamber 
interior of the 1st - 3rd molecular beam. 
And the 1st gate valve which separated the 
atmosphere of the source room of a 1st 
molecular beam and the growth chamber which 
1*10" 10 Torr reduce pressured by the cryopump, 
the ion pump, the titanium getter pump, and the 
liquid nitrogen shroud was opened, and the 
vapor deposition to the base plate of 
5,10,15,20-tetraphenyl porphyrin was started. 
At this time, the monitor of the deposition film 
thickness was carried out by the 
crystal-oscillator type thickness gage. 
And the 1 st gate valve was closed in the place 
where the deposition film thickness amounted 
to 20 Angstrom, and vapor deposition was 
stopped. 

Next, 5,10,15,20-tetraphenyl porphyrinate zinc 
was vapor-deposited 20 Angstrom in the similar 
procedure. 

It is made further similar, tetra benzo 
porphyrinate cobalt was vapor-deposited 20 
Angstrom from this. 

This operation is alternately repeated by a unit 
of 20 times, respectively, the multilayer film was 
made. 

When the laminate period of this film was 
investigated by the X-ray-diffraction analysis, it 
was checked that it is 60 Angstrom. 
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[ADVANTAGE of the Invention] 

rco^W^«ttbff, BMffiBtK According to this invention, the porphyrin thin 
ir^j^it^/^y ^ V >^f^RXf film excellent in surface accuracy and its 
^(7)#)lflI^#btL5o -©jfcp multilayer film are obtained. 
^ tz t %.tfWMWz.tt3ff LT When it adhered and uses between this result, 
fflV^c^-nidfiv' a — M$:<fe U. for example, an electrode, short-circuit stops 
£<<&5E>-C, MfEftil, % arising. 

^S*^^if{-fiJffl"C^5^ Therefore, the film which can be utilized for a 
t#fbti<5 0 solar cell, a photoconductive element, etc. is 

obtained. 

immom^mm] [brief description of the drawings] 



im i ] [fig 1] 

'.<D$£W<D— "£M&\t LX(D§r The figure which shows the X-ray-diffraction 
Ifl^W X$^|e]#t/^ — y^^-f pattern of the multilayer film as one Example of 

this invention. 
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